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(54) OPTICAL RECORDING MEDIUM 

(57) An optical recording medium for recording infor- 
mation by changing the phase of material from amor- 
phus one to crystalline one and vice versa, including the 
following types. A type which comprises a transparent 
substrate, a first dielectric layer, a recording layer, a sec- 
ond dielectric layer, a light absorbing layer, and a light 
reflecting layer, the thickness of the second dielectric 
layer being in a range from 1 to 50 nm. A type which com- 
prises a transparent substrate, a first dielectric layer, a 
recording layer, a second dielectric layer, and a light 
absorbing layer, the thickness of the second dielectric 
layer being in a range from 1 to 30 nm. A type which com- 
prises a recording layer, a dielectric layer, a light reflect- 
ing layer, the thicknesses of the recording layer and the 
dielectric layer being in a range from 30 to 60 nm and in 
a range from 1 to 25 nm, respectively. A type in which 
the amplitudes of the signals reproduced from recording 
marks made at intervals longer than A/NA in the record- 
ing direction are less than five times those at intervals 
shorter than X/NA, where X is the wavelength of the 
recording light and NA is the numerical aperture of the 
objective of the optical head. A type in which the C/N 
ratio of the signals reproduced from the former recording 
marks is lower than that of the latter. A type in which the 
areas of the former are smaller than those of the latter. 
A type in which the amplitudes of the signals reproduced 



from the latter which are overwritten on the former are 
more than five times those of the residual former after 
overwrite. Such a recording medium has good erasure 
characteristic, jitter characteristic, and durability against 
repeated overwrite. 
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Description 
Technical field 

5 o „ h™ 6 P '. eSent TT? " re '^! S 10 0ptiCa, reCOrdin9 media wherein the recording, erasing, and reading data are carried 
S^LXKS h- L ^ am ". Th !, ,nvention Particularly relates to phase-change type rewritable optical recording media 
such as optical disks optical card, optical tapes, etc . wherein recorded data can be erased or overwritten and wherein 
data can be recorded with high speed and high density. wnerein 

io Background techniques 

Techniques for conventional phase-change type rewritable optical recording media are as follows 
m nil k 56 ° Pt I ,Cal recordin9 media have a recording layer consisting mainly of telluride, which, for recording is partially 
melted by applying a converged pulsed laser beam to the crystalline-state recording layer for a short period of time The 
melted porton ,s rap,dly cooled and solidified due to thermal diffusion, resulting in the formation of an amorphous record 
mark. With an optical reflectivity lower than that for the crystalline state, the record mark can read a signal 

•. . J° 6 l aSe ^ e ^ 3 ' aSer b6am iS apP ' ied tC> the record t0 neat wording layer up to a temperature that 
♦ T 9 P °' nt 1X4 hi9hef than crystallization temperature so that the amorphous record markportion 

is crystalled to allow that portion of the layer to recover the unrecorded state. mar* portion 

The known materials for the recording layer of such phase-change type rewritable optical recording media include 
some alloys such as G e2 Sb 2 Te s (N. Yamada et al.. Proc. Int. Symp. on Optical Memory 1 987 pp 61 -66) 

These optical recording media with its recording layer consisting of a Te alloy has a high crystallization rate to allow 
high-speed overwriting to be performed by varying the power of the beam which has a circular cross-section In the 
^';®°°2 ,ng , med,a with such a ^cording layer, a heat-resistant transparent dielectric layer is provided on both sides 
^n3t n9 c T Jr e t deformati0n and °P enin 9 «<™ occurring on the recording layer during the 

n!S T* ?£2 f 5 " addrt '° a thefe 3re 0ther known techniques which use a reflecting metal layer, of Al etc.. proved 
I, !!! ^ T S °. thal ^° me 0ptical interfe 'ence is caused to improve the signal contrast during reading and 
so that the recording layer .s cooled efficiently to facilitate the formation of amorphous record marks and to improve the 
erasing characteristics and repeated use characteristics. P 

rrfiJSSfS^ "k 3 ! " T that 3 SfrUCtUre Where the die,ectric ^ between the aiding layer and the 
cS^TriS h , 50 ^ l6SS in thiCkn6SS (rap ' d CO0,in9 diSk is sma " in va riation of recording 

characteristics due to repeated erasing and writing and wide in erasing power margin as compared to ones with a 
dielectric layer wrth about 200 nm or more thickness (thick second dielectric layer sfructure)(Tbhta et a^a^ese 
Journal of Applied Physics. Vol.28 (1989) Suppl.28-3. pp123-128). Japanese 

These conventional phase-change type rewritable optical recording media have such problems as follows- 
m,^^??™ 6 *" 81 structure ' shaDe an d position of an overwritten record mark is affected by the 
mark recorded before the overwriting, resulting in limits to the erasing rate and jitter characteristics. In particular said 
problems may worsen when the data density for pit position recording is increased by. for example. usmg short-wave 

ocSon racnSnn 6 S? * " ** ^ for reco ' din 9. in ^ad of conlenSnl^ 

S ^J S ,nC, ! aSed by ' S,m " ar,y 10 *» 035,3 <* P jt P° sition recording, using short-wave laser to reduce the 

size of optical spots, or when data are recorded at a high linear-velocity 

bS ,0 the fact *** me difference of the reflectance between the crystalline portions arid the 
bemmod ^"f^ " S ° ' ar98 ^ ,i9ht ******** * toe amorphous portions of the recording layer 
becomes larger than that by the crystalline portions, causing the recoid mark portions that carry data to be heated more 

^ZJTi T^'" 9 Pn>CeSS ^ the heatin9 ° f 3 P ° rtion durin9 the recordi "9 P-^ becomesSpenZ 
^^ron^r '! cry f riBne or am °rphous before the overwriting. This may results in the fact that the shape 
E25!Er T° m - arkS an ovenwritten P"*>n af e affected by the mark existing before overwriting to impose 
hmrts to the erase ratio and jitter characteristics. Wrth the conventional rapid cooling disk structure, in particular alayer 
f LJZichT.'n 90 , ' etC - Tl hi9h * hermal activity and high reflectance is provided on the dielectric layer on mat 
t^uT^^tT* > t0 ^ ' i9ht in ° rdSr to **** W9h durabili * and 9°^ ^rding characteristics. When 

!™ h 9 I Tu 3 ^ ,S PrOV,ded - hOW6Ver - * iS difficult to solve 406 P rob| em that the light absorption by the 
amorphous portions of the recording layer becomes larger than that by the crystalline portions 

If the distances between record marks are decreased to less than about the size of the incident light beam (WNA) 
of l a S° , " crease * he i reOT ' ldin 9 densrty. limitations associated virfth the optical resolution will reduce 
of read senate. If ,n particular, data for which the distances between recoid marks are decreased to less than about 

£ ^Z?JZ?Z *S ^ ( " NA) ^ ° VenWritten - Shape and of » e ^cord -arts U JESS 

a factor^ S?oble^ re WefWnt,n9 10 impOSe ,imits tc> me erase rati0 and i itter characteristics, which may also be 
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To solve these problems, the technique described below has been known as a means to prevent the light absorption 
by the amorphous portions from becoming larger than that by the crystalline portions. That is, as proposed in the Patent 
Laid-Open (Kokai) HEI 5-159360, a second dielectric layer with a 220 nm thickness is formed first, and then a Ti layer 
for light absorption with a 50 nm thickness is formed, followed by the formation of a relatively thin Al layer for heat radiation 
s with an about 50 nm thickness to reduce the thermal load imposed on the light absorbing layer due to the absorption. 

Summary of the invention 

With the above-mentioned structure, which is of a so-called thick second dielectric layer structure type, the thickness 
10 of the second dielectric layer is a large 220 nm, leading to a small degree of cooling of the recording layer during a 
recording process. Therefore, repeated erasing and writing rapidly decrease the recording characteristics and thermal 
interference between marks also rapidly decrease the jitter characteristics etc., making the layer less suitable for high- 
density recording. Other problems include the impossibility of achieving a sufficient carrier to noise (C/N) ratio in a low 
linear velocity range. 

15 The present invention relates to the improvement of the erasing characteristics of the conventional optical recording 
media with a rapid cooling disk structure wNch have good repeated use characteristics as describe above, and the 
invention aims to provide optical recording media with good erasing and jitter characteristics. 
Another object of the invention is to provide optical recording media with high cyclability. 

These objects are achieved by the following features of the invention. The invention relates to an optical recording 
20 medium, wherein a recording layer is formed on a substrate to which a light beam is applied to record, erase, and read 
data with said recording and erasing of data being carried out by means of phase changes between amorphous and 
crystalline, and which recording medium comprises a laminate member consisting at least of a transparent substrate, 
first dielectric layer, recording layer, second dielectric layer, light absorbing layer, and reflecting layer, with the second 
dielectric layer having a thickness of 1nm or more and 50 nm or less. This is called Item 1 of the invention. 
25 The invention also relates to an optical recording medium, wherein a recording layer is formed on a substrate to 
which a light beam is applied to record, erase, and read data with said recording and erasing of data being carried out 
by means of phase changes between amorphous and crystalline, and which recording medium comprises a laminate 
member consisting at least of a transparent substrate, first dielectric layer, recording layer, second dielectric layer, and 
light absorbing layer, with the second dielectric layer having a thickness of 1 nm or more and 30 nm or less. This is called 
30 Item 2 of the invention. 

The invention also relates to an optical recording medium, wherein a recording layer is formed on a substrate to 
which a light beam is applied to record, erase, and read data with said recording and erasing of data being carried out 
by means of phase changes between amorphous and crystalline; the amplitude of the read signal from a record mark 
that is more than A/NA apart from both the preceding one and the following one in the recording direction along the track 

35 being equal to or less than five times the amplitude of the read signal from a record mark that does not meet the above- 
mentioned record mark spacing conditions, with X and NA denoting the wave length of the light used and the numerical 
aperture of the objective lens of the optical head, respectively. This is called Item 3 of the invention. 

The invention also relates to an optical recording medium, wherein a recording layer is formed on a substrate to 
which a light beam is applied to record, erase, and read data with said recording and erasing of data being carried out 

40 by means of phase changes between amorphous and crystalline; the carrier to noise ratio of the read signal from a 
record mark that is more than A/NA apart from both the preceding one and the following one in the recording direction 
along the track being less than the carrier to noise ratio of the read signal from a record mark that does not meet the 
above-mentioned record mark spacing conditions, with X and NA denoting the wave length of the light used and the 
numerical aperture of the objective lens of the optical head, respectively. This is called Item 4 of the invention. 

45 The invention also relates to optical recording media wherein, when a record mark that is more than A/NA apart 
from both the preceding one and the following one in the recording direction along the track is overwritten by a record 
mark that does not meet the above-mentioned record mark spacing conditions, the amplitude of the read signal from 
the latter overwriting record mark is equal to or larger than five times the amplitude of the read signal from the remainder 
of the former record mark that has been erased bylhe overwriting process. This is called Item 5 of the invention. 

so The invention also relates to an optical recording medium, wherein a recording layer is formed on a substrate to 
which a light beam is applied to record, erase, and read data with said recording and erasing of data being carried out 
by means of phase changes between amorphous and crystalline; the recorded area of a record mark that is more than 
A/NA apart from both the preceding one and the following one in the recording direction along the track being less than 
the recorded area of a record mark that does not meet the above-mentioned record mark spacing conditions, with X and 

55 NA denoting the wave length of the light used and the numerical aperture of the objective lens of the optical head, 
respectively. This is called Item 6 of the invention. 

The invention also relates to an optical recording medium as specified in Item 3. Item 4, Item 5. or Item 6, comprising: 
a recording layer formed on a substrate to which a light beam is applied to record, erase, and read data with said recording 
and erasing of data being carried out by means of phase changes between amorphous and crystalline, and which 
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rf^H-n 9 , mediUm co "^ riSeS 3 ' aminate member °°«Wn8 a « ^st of a transparent substrate, first dielectric layer 
recording layer second d.electric layer, light absorbing layer, and reflecting layer, with the second dielectric layer having 
a thickness of 1 nm or more and 50 nm or less. This is called Item 7 of the invention. 

The invention also relates to an optical recording medium as specified in Kern 3. Item 4, Item 5. or Hem 6. comprising- 
Vr^'" 9 tey f^ fo ; rT l edonasubstra tetowhicha light beam is applied to record, erase, and readdata wfth said recording 
9 iJ 9 ° arried °* by means of phase chan 9 es between a^phous and crystalline, and which 

f^wln 9 , COm ^T SeS 3 lami " a,e member ^"sisling at least of a transparent substrate, first dielectric layer 

ecording layer, second d.electnc layer, and light absorbing layer, with the second dielectric layer having a thickness o 

1 nm or more and 30 nm or less. This is called Item 8 of the invention 

nr ^rt?^ a '? relateS 10 the thickneSS °' the recording layer ' 106 Sickness, physical properties and materials 
of me hgW absorbing layer, and the layer structure of optical recording media as specified in Item 1 . Item 2. Item 3. Item 
4, item j>, item 6, Item 7, and Item 8. 

In optical recording media as specified in Item 1 and Hem 7, a light absorbing layer may be newly provided between 
the second d.e.ectric layer and the reflecting byer so that the light absorption by the amorphous-stete receding teTer 
Reduced to allow tine difference in light absorption between the amorphous state and the crystalline stated de2eXe 
This reduces the drfference in the temperature rise during recording, the deformation of the record marks and the shift 

2 aS lt^?;;i?f^ 9 i n r!T ro ^ aSi r 9 ^ jittef CharaCteristiCS - " sucn a ref,ectin 9 does not exist as in Item 
2 and tern 8. the use of a hght absorbing layer may cause a decrease in the light absorption by the amorphous-state 

d^lS T 'I < ? e S erenCe ,i9W abSOrpti0n b6tWeen the amorphous «*» ^ crystalLTtefet 
T h ? l drfference in the temperature rise during recording, the deformation of the recoid marks 

and the shift in their position, resulting in improved erasing and jitter characteristics. 

The best embodiments of the invention 

| ab ^ 3 * in9 layer as used for the inven ti°n consists of metallic material that has an optical reflectance of 40- 

.Shtfhl^ 9 f^ l ° f 2 °* 50% for li9M a wave length of * ^'c" is "sed for recording and reading. This 
light absorpton leads to a decrease ,n the light absorption by the amorphous-state recording layer 

hinh^l^T 1 preferab,y cons . ists of at ,eas t one of the following metals or their alloys because of high heat resistance 
Ni FfSX (S S"aS°Pd reS,StanCe ' ^ aPPr0priately high heat conductivity: Ti. Zr. Hf. Cr. Ta, Mo. Mn. W. Nb. Rh! 

In particular. Ti. Nb. W. Mo, Zr. or Cr. or an alloy of two or more of these, or a NiCr alloy are preferable because of 
relatively low required material costs and high adhesive performance of the resultant layer 

b6St 'T^ Wi " be 0btained With n Nbl ° r W " because the °P tl ' cal constants of the resultant material are in a 
suitable range, because its required cost is small, and also because its heat conductivity is appropriately large 

one Jm^2?h *°!? materia ' ** consfete °* either W or Mo as an es sential ingredient, plus 

2££I5! T becau f e , the °? Cal C ° nStantS ° f such a material are in a suitable range, and also because its heat 
S^wSI o^^!! ^ y laf9e - thiS 03561 *** material P ref erably consist of either W or Mo. plus at least one of 
the following: Re. Os. Nb. Ti. Te. Cr, Zr. Y. Hf, Ta, V. Sc, Mn, Ru. Fe, Co, Rh. Ir. Ni. Pd. Pt, and Au. Moreover such materia 

2 r rtci e T^rVTu7? M ° ^ 3n eSS8ntial in9r6dient P ' US at ,6aSt ° ne of the fo »°™ g beiutJof thS 
o7 5 S^^^ 

.-JSIT I 9 ' 5 *T COnSiSt ^V 6331 ° ne fr ° m thS 9rOUp * n Nb ' Mo - W - and Te - as 30 ^sential ingredient plus at 
east one from the group of high melting point carbides, oxides, borides. and nitrides, are also good for use because 
the,r optical constants are in a suitable range and also because their heat conductivity is appropriately large In this 
case, the one or more metals selected from the group of Ti. Nb. Mo, W. and Te, is preferably contained in^he light 
absoibing layer matenal up to a content of 5-95 atomic %. more preferably 30-95 atomic %. A high melting point as 

?<? "S VC ' w X a r m ^ n ^Tc^°°° C ° r hi9h6r - ^ hi9h metting P ° int ind ^ HfC. TaC. Ta^. NbC. 

Z O £^r'r^ 2 i UTiI^C °^r?' B< °- ^ Cr3 ° 2 - ™* high me,ting P° int oxides '"elude Th0 2 . Hf0 2 . MgO. 
wE? nZ" C 1 '^ >3 -J a ^- A, 203' a n° Ti0 2 . The high melting-temperature borides include HfB 2 . TaB 2 , ZrB 2 . NbB 2 TiB 2 

rf'o^r, 2, 2 " • 2 • and M ° 2Bs " ^ high meltin 9 PO'nt nitrides include BN. TaN. TIN, ZrN, AIN NbN VN CrN' 
and P-S13N4. ' • ■ • 

r^^Jn,^ °l T yS l W S L and miXtUr6S ° r a " 0yS ° f M ° and Si are a,so good for "se because of their high heat 
resistance, high strength, and high corrosion resistance. 

Linhl?^ 6 ^^" 1 1 *~ ?> ** thiCkneSS ° f the ,ight doming layer is preferably in the range of 1-100 nm. 
S ™tL?J^?t? T I 69 ' 66 * the Wckn ess of the light absorbing layer is below the range. In most cases, 

h! r^Sil t^ light absorbing layer is not significantly larger in heat conductivity than the material used for 

the reflecting layer, and therefore, the use of a light absoibing layer thicker than the above-mentioned range reduces 
the degree of cooling of the recording layer, leading to a decrease in the advantage of a rapid cooling structure 
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In the case of Item 2 and Item 8, the thickness of the light absorbing layer is preferably in the range of 25-200 nm. 
Light is not absorbed to a sufficient degree if the thickness of the light absorbing layer is below the range, as in the case 
of Item 1 and Item 7. The light absorbing layer plays a role in cooling the recording layer during the recording process, 
but this cooling of the recording layer cannot be performed efficiently in the case of Item 2 and Item 8, leading to a 
5 deterioration in the erasing performance. If the thickness of the light absorbing layer is above the range, the use of 
material with a small heat conductivity reduces the erasing performance, while the use of material with a large heat 
conductivity causes excessive cooling, leading to the need of a large power for forming record marks, which is not 
practical. 

Material used for the light absorbing layer preferably have a heat conductivity in the range of 10-200 W/nrK. If high 
w in heat conductivity, the light absorbing layer can serve to cool the recording layer during the recording process, removing 
heat from layer. If the heat conductivity of the light absorbing layer is lower than the above-mentioned range, the recording 
layer is not cooled sufficiently during the recording process, leading to a deterioration in the advantage of a rapid cooling 
disk structure. Thus, the thickness of the light absorbing layer cannot be increased, making it impossible to achieve 
significant light absorption. The heat conductivity more preferably be in the range of 20-200 W/nrK. 
75 The heat conductivity of the materials for the light absorbing layer is defined for those materials in their bulk state. 
Such values are reported, for example, in Iwanami Rikagaku Jiten published by Iwanami Shoten as follows: Cr (90 W/rrr 
K), Ta (58 W/nrK), Mo (138 W/nrK), W (178 W/rrrK), Nb (54 W/nrK), Ti (22 W/nrK), Rh (150 W/nrK), Ni (91 W/irrK), 
Fe (80 W/nrK), Pt (71 W/nrK), Os (88 W/nrK), Co (99 W/rrrK), Zn (62 W/nrK), and Pd (76 W/nrK). 

To enhance the light absorption, the optical constants of the light absorption layer must be in a suitable range. For 
20 the light with a specific wave length, a material used for the light absorbing layer preferably show a optical constant with 
the refractive index and the extinction coefficient being in the range of 1.0-8.0 and 1.5-6.5, respectively. To further 
enhance the light absorption, the refractive index and the extinction coefficient of the optical constant of the light absorbing 
layer more preferably in the range of 2.0-5.0 and 2.0-5.5, respectively. 

Major optical constants of these materials for the light absorbing layer are cited for example in "Handbook of Optical 
25 Constants of Solids II" Edward D. Palik (Editor), Academic Press, Inc. Optical constants of such a layer as used in the 
optical recording media of the present invention are measured for example as follows. When the optical recording medium 
is a phase-change type rewritable optical disk, adhesive tape etc. may be used to peel off the relevant layer to provide 
a specimen. In another way. thin film of the same material as used for the light absorbing layer may be formed on a 
surface of quartz glass to provide a specimen. Measurements are made using light with the same wave length as used 
30 for the recording, erasing and reading in combination with an apparatus as described below: 

Measuring apparatus: phase-contrast measuring equipment NPDM-1000 manufactured by Nikon Corp. 
Spectroscope: M-70 
Light source: halogen lamp 
Detector surface: Si-Ge 
35 Polarizer, analyzer: Glan-Thompson 

Revolving speed: 2 
Incidence angle: 45-80°, pitch 2° 

The first and the second dielectric layer of the invention serve to protect the substrate and the recording layer by, 
for example, preventing the substrate and the recording layer from deterioration in recording characteristics due to ther- 

40 mal deformation during the recording process and also serve to improve the signal's contrast during the reading process 
by means of optical interference. The materials useful for such dielectric layers include metallic sulfides, metallic oxides, 
metallic nitrides, and metallic carbides, including ZnS, Si0 2 . silicon nitride, aluminum oxide, ZnC, and ZnSe, and their 
mixtures, in the form of thin film. In particular, thin film of ZnS. thin film of the oxide of such a metal as Si. Ge, AI. Ti, Zr, 
Ta, etc., thin film of the nitride of such a metal of Si, AI, etc., thin film of the carbide of such a metal as Ti, Zr, Hf, etc., 

45 and film of a mixture of these compounds are desirable due to their high heat resistance. They may contain carbon, a 
carbide such as SiC, or a fluoride such as MgF 2 to reduce the residual stress of the film. The most desirable ones include 
film of a ZnS-SiO z mixture and film of a ZnS-Si0 2 -C mixture because such film does not suffer rapid deterioration in 
recording sensitivity, C/N or erase ratio from repeated recording and erasing. 

The thickness of the first dielectric layer is generally in the range of about 10-500 nm. The thickness should preferably 

so in the range of 50-400 nm to prevent the layer from being peeled off the substrate or the recording layer and to prevent 
defects such as cracks. In particular, the difference in light absorption between the recording layer in the crystalline state 
and that in the amorphous state can be reduced when the thickness of the first dielectric layer meets the following 
equation: 

55 NX/4-0.2X % nd1 s NM4+0.2X 

where N is an integer 1, 3, or 5. X the wave length of the light used for the recording, n the refractive index of the first 
dielectric layer, and d1 the thickness of the first dielectric layer. 
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orm^d^^ 

In the case of Item 1 and Item 7. the thickness of the second dielectric layer must be in the range of 1-50 nm A 
second dielectric layer with a smaller thickness may cause the formation of defects such as S and reS.ce the 
rS2n?l °:T ated r A S6COnd die,eCttC ^ With 3 brger -a/ reduce me d £35 of £ 

cooTm ,5 Z J UT ^ *? 6 re ^ rc " n9 ProCeSS " T3kin9 int ° account * e resislance to ™ and ti^de^e o^ 

cooling the ^recording layer dunng the recording process, the thickness is preferably 1 nm or more and 25 nmoMess 
In tt,e case of Item 2 and Item 8. it is preferably 1 nm or more and less than 30 nm. As in the case of em 1 aZ 5m 
7 a second d.electnclayer with a smaller thickness may cause the formation of defects such aTc^cte reduce the 
»o reststance to repeated use. A second dielectric teyer with a larger thickness may reduce the degreTof coolma of £ e 

7 -rl?« 1 r^I^ 3nd thefe,0re " 1,16 de9ree 01 oooBn > tends to * smaller as compared to Item 1 and Item 
I'J^fr u UP T " mrt ° f thiCkness of •» second dielectri ° for Item 2 and Kern 8 isLer than J Jem 1 Z 
Hem 7. Taking ,nto account the resistance to repeated use and the degree of cooling of the reoonJnte durinate 

21 th 9 P T SS> I'" T ^ ° f ' tem 1 and ' tem 7 " 016 thickness is P referab| y 3 nm or more and 25 1 or Te2 To 
solve the problem wrth a th,ck second dielectric layer used for optical recording media as specified in ftem 2 astern 

8 a technique that uses a reflecting layer that consists of W containing Au upio 5 atomic % oTmorL has be^S 

1 00 nm thick fust d.electnc layer, followed by the formation of a 30 nm thick second dielectric layer and a ref tectina fever 
^S'7h T "** W COrtainin9 ** UP fo 5 at ° mic % or more - • constitution. hSST^SS*^ 
a mSntST 6 h ^i n9 w5 r9e,y r6dUCing eraSS rati ° and jittSr Characteristics. Furthermore, his Zs no ^ave 
a mechanism to adjust the drfference in light absorption between record mark portions and unrecorded portion? ^! 
or a laser beam wrth a wave .ength of 680 nm or 780 nm for example, the light absorption^ twSSSlISS 
*s CrySta,,ine ** h ,ar96,y reduC6S the erase «*» «**a K ovlmmgZeTaS^ 

The reflecting layer as specified in Hem 1 and Item 7 of the invention improves the contrast by means of ootical 

,1 US t fUl for 1,16 reflecting layer indude metals ««« refl «* light such as Al Au Ag Cu etc allovs 
consisting of them with such additive elements as Ti Te Cr Hf etc and s..rh mofaic « a ™. * 1 
* metallic compounds as nitrides, oxides and chalcogeniol ^C^^^ 

ZsTn^X^l are de9raWe b8CaU8a 3 hi9h ref,eCtanCe and high heatconductivi^^ XJETSS 
S^J^ ? altoys containing one or more elements selected from the group of Mg, Cu, Pd. Ti Cr Hf Ta Nb and 

s^ifroml^ 

35 % oTJ5s ^ 9 ' " • *' and N '' 3nd M " UP 10 3 total Content of 1 atomic % ° r more ^d 20 atomic 

Alloys consisting of Al as main component are desirable because material costs can be minimized Particular^ 
ofl^TaT^ 

ot Ti. Cr. Ta Hf. Zr. Mn, and Pd up to a total content of 0.5 atomic % or more and 5 atomic % or less and Al alkJ; 
containing Si and Mn up to a total content of 5 atomic % or less. ^ 

... '^'l? °! ,erS ' SUCh 8110/8 containin 9 A" as component as Al-Hf-Pd alloys. Al-Hf alloys Al-Ti allovs Al-Ti-Hf 

S"^^' T ^' ^ a " 0yS " V6ry USefU ' 35 for » e because offing 

highly corrosion-resistant and free from the formation of hillock etc «"'oeing 

hJSSS'S^l ^SS"! 01 ,he 1 inven i 0n : ref ,ectin 9 of invention may be provided with a protective 
mSZ S^^StfSiT ^ ? U i rav ' olet - curin 9 ^ resin etc - or « adhesive layer for adhesion with 

?r a«pr5, f " « " 9 T °^ er ' ^ bS adh6red ^ an adh6Sive a9ent after the formafon of m e 
reflecting layer etc. or after the formation of such a protective layer or a resin layer as describe above 

zn<5 0356 2 t and " em 8 ' thB ' ight absorbing layer may be provided with a protective layer of SiO z Zn or 

ZnS-S,0 2 a res.n layer of ultraviolet-curing type resin etc.. or an adhesive layer for adhesion wrth another subsSte 

Sing layer ' Pf ° teCt,Ve ° f 3 ^ ,ayer 35 desCribe *«• * 6 su ^e of the light 

The substrate may be provided with a hub. 

Pd ^r2^ S o USe S5 r *e r f* rdin 9 fc^r include, but not limited to. the Pd-Ge-Sb-Te alloy. Nb-Ge-Sb-Te alloy 
22 ^ ^ S^'oy. Pt-Ge-Sb-Te alloy. Ge-Sb-Te alloy. Co^Ge-Sb-Te alloy. In- Sb-Te alloy Ag-ln-Sb-Te aS and 5 

ara erasing, and high in recording charactenstcs such as the C/N ratio and erase ratio. 
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The thickness of the recording layer is preferably in the range of 1 0-45 nm. A recording layer with a smaller thickness 
may suffer heavy deterioration in the recording characteristics due to repeated rewriting. A recording layer with a larger 
thickness may suffer a shift of the recording layer due to repeated recording and erasing, leading to a deterioration in 
the jitter characteristics. 

5 Conventionally, when data are recorded on an optical recording medium such as phase-change type rewritable 

optical disk, laser pulses with a constant time length and recording power level are applied to the positions of the record 
marks to be made. So, when recording is carried out by the mark position recording method, for example, record marks 
with a nearly constant size and area are formed along the track, corresponding to the modulation code. 

For equipment that allows data to be rewritten by overwriting, a design that reduces the amplitude of the signals 

10 from the previously recorded data will decrease the above-mentioned difference between the light absorption by the 
amorphous portion and that by the crystalline portion and will also decrease the degree of uneven heating due to the 
difference in heat conductivity. A design that improve the performance for erasing the previously recorded data will 
decrease the distortion of the read waveform. 

In a portion where the distance between recorded marks is smaller than the size of the light beam used (A/NA), 

15 limitations on the optical resolution reduce the amplitude of read signals. Normal data detection becomes more difficult 
as the amplitude of the read signals from this portion decreases largely. The amplitude of read signals can be calculated 
from the carrier values at a specific frequency that are determined by means of frequency division with a spectrum 
analyzer as described, for example, on pp.2 19-220 of "Hikari Disuku Gijutsu (Optical Disk Technology)" published by 
Rajio Gijutsu-sha (1989). 

20 In view of this, the invention provides optical recording media that can record data in such a way that: the amplitude 

of the read signal from a record mark that is more than TJHfK apart from both the preceding one and the following one 
in the recording direction along the track is equal to or less than five times (about 14 dB), preferably less than three times 
(about 9.5 dB), the amplitude of the read signal from a record mark that does not meet the above-mentioned record 
mark spacing conditions; or the carrier to noise ratio of the read signal from a record mark that is more than X/N A apart 

25 from both the preceding one and the following one in the recording direction along the track is less than the carrier to 
noise ratio of the read signal from a record mark that does not meet the above-mentioned record mark spacing conditions; 
or when a record mark that is more than X/NA apart from both the preceding one and the following one in the recording 
direction along the track is overwritten by a record mark that does not meet the above-mentioned record mark spacing 
conditions, the amplitude of the read signal from the latter record mark is equal to or larger than five times (about 14 

30 dB), preferably seven times (about 1 7 dB), the amplitude of the read signal from the remainder of the former record mark 
that has been erased by the overwriting process; or the recorded area of a record mark that is more than A/NA apart 
from both the preceding one and the following one in the recording direction along the track is less than the recorded 
area of a record mark that does not meet the above-mentioned record mark spacing conditions. 

The inventors have found that such an amplitude of read signals and such a carrier to noise ratio can only be achieved 

35 by means of a special layer structure. 

In view of this point, in the case of pit position recording, the heat interference among marks can be used within a 
range where jitter and other characteristics will not deteriorate. The thickness of the recording layer should be as large 
as possible if heat interference is within such a range. From the viewpoint of the light absorption, on the other hand, the 
thickness of the recording layer should be as small as possible in order to reduce the light absorption by the recording 

40 layer in the amorphous state so that the difference in light absorption between the amorphous state and the crystalline 
state is minimized. Taking both considerations into account, the thickness of the recording layer is preferably in the range 
of 15-45 nm, preferably 20-45 nm. 

In the case of mark-edge recording, on the other hand, a shift of the recording layer is more likely to occur during 
the recording and erasing processes as compared to pit position recording. The degree of cooling of the recording layer 

45 during the recording process has to be increased to prevent this shift, indicating that the thickness of the recording layer 
should be as small as possible within the above-mentioned range. Thus, the thickness is preferably be in the range of 
10-35 nm, more preferably 10-30 nm. 

To maximize the high recording sensitivity, to permit one-beam overwriting, and to achieve good erasing character- 
istics with a large erase ratio, the main part of an optical recording medium is preferably be constituted as follows. 

so An alloy that contains at least the three elements of Ge, Sb, and Te should be used as material for the recording 
layer, and in the case of Hem 1 and Item 7, the thickness of the first dielectric layer should meet the following equations: 

NA/4-0.2X =£ nd1 s NA/4+0.2X 

55 10 s dr ±s 45(nm) 

1 d 2 =5 50 (nm) 

Isdhs 100 (nm) 
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10sdas200(nm) 



ofT? tlTS I" 1 ' ^if 1655 ° f *T fi l die,ectric • n «» refractive index of the first dielectric layer, N an integer 
o 1 J ^ !! 6r ^ 6am wave ' en9th USed for recore,in 9- * 4,16 thickness ° f the recording layer d 2 the thickness 

t^SSSSSSS C h the * ictaiess of the ,i9ht ~ ,ayer - - in * e rase - ^ • d ™ 

In the case of Item 2 and Item 8, the thickness preferably meet the following equations: 



10 



15 



NX/4-0.2A ^ nd1 NX/4+0.2X 
10 ^ dr ^ 45 (nm) 
1 ^ d 2 <30(nm) 
25 ^ dh ^ 200 (nm) 



20 



25 



30 



35 



beina 15 SfrS S ^Sf"' 0 lay ^ pre,e ;f y 00,15151 <* a mixture "» 31 least 2 " Si0 2 . with the content of SiQ 2 
Sons compost™ of the recording layer is preferably in the range described by the following 

In addition, the composition of the recording layer is preferably in the range described by the following equations: 

M 2 (Sb x Te ,. x ) ^(Ge^Te 0 5 )y 
0.35 s x s 0.5 
0.2 s y s 0.5 
0.0005 s z s 0.01 

oold and^itTnn S S 't M de "°l es at ,east one metal selecte d *™ the W of palladium, niobium, platinum, silver 
gold, and cobalt, and Sb. Te. and Ge denote niobium, tellurium, and germanium, respectively. Further x y z and num 
bers show the number of the relevant element (number of moles of the element 

™* U5 f mat !lLf 5 for SUbStrate indude various *Pes of transparent resin and transparent glass To eliminate 
Sti^X a m ttl l aWS ^ *T ■S" W * * iS de5irab,e to U5e a tranSDarent 5ubstrate anda convergent lase'eam 
2S^SJJ^nS^." ,d ' ? ^ reC ° rding - SUCh ,ransDaren t substrate materials indude glass pol™ 
carbonate, polymethyl methacrytate. polyolef.n resin, epoxy resin, and polyimide. Polycarbonate resin and amorphous 

moS'" ^ PartCU ' ar,y US6fUl *"* ^ ^ in ^ low in moisXe SoXn. and 

n „,!!!!!! limi tations °" the thickness of the substrate, but a thickness of 0.01 -5 mm is practical. If it is less than 

ir* ^™^Zn7Zl iT* ^ d ^l eV ! n ^ 3 C ° nVergent b6am iS ^ fram substrate sde for ^ 
ing. tf rt is more than 5 mm. it becomes difficult to use an obiective lens with a large numerical aperture and a laroe 
beam spot sue has to be used, making it difficult to increase the record density. 9 
The substrate may be flexible or rigid. A flexible substrate may be in the form of tape, a sheet or a card A rioid 

HXSl £"h V°T ° f 3 - Car ° rdiSk TW ° SUCh 5UbStra,e5 ' Dr0vided a recordSayer etc may btSrnVS 
into an air sandw.ch structure. a,r incident structure, or a dose^ontact laminate structure ecorronea 

a c USSd fo o recordin 9 on the °P«<* 1 recording media of the invention should be a high-intensity one such 

L s mX^d < ^utr nductor ,aser is usefui • ° f te 5 -" — i 5 -» p-- 

ma nl° dala ' ' aser beam P ulses etc ar « applied to a crystalline recording layer to produce amorphous record 

marks Contrary to th.s. crystalline record marks may be produced on an amorphous layer To erased da^a teser 

* de Sign where r «»rtino is carried out by producing amorphous marks which are crystallized for erasing is pref- 
55 dSSion r6COrd,n9 ^ 66 Peri ° rmed m ° re ra ^ d,y and becau5e the 'a"- is less JS£*££, 

Because of a short required time for rewriting. H is desirable to use the one-beam overwriting method where hioh 
a£y^^ 

Methods for producing optical recording media of the invention are described below. 
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Some known methods for producing thin film in a vacuum, including vacuum deposition, ion plating, and sputtering, 
can be used to form a recording layer, light absorbing layer, reflecting layer, etc., on a substrate. Sputtering is particularly 
useful because the composition and thickness of the film can be controlled easily. 

The thickness of the recording layer etc. to be formed can be easily controlled by monitoring the build-up with a 
s known technique such as a quartz-oscillator film thickness gauge. 

The formation of the recording layer etc. may be performed with the substrate being fixed, conveyed, or rotated. 
The substrate should rotate on its axis, preferably while revolving around an axis outside the subject, to achieve a uniform 
film thickness. 

Prior to actual recording of data, the recording layer should be crystallized by applying light from laser equipment, 
w xenon flash lamp, etc. 

To further illustrate this invention, the following examples are given. 

(Methods for analysis and measurement) 

15 An ICP emission spectrometer (Seiko Electronics Inc.) is used to determine the composition of the reflecting layer, 
recording layer, and light absorbing layer. The C/N ratio and erase ratio (degree of difference in amplitude of signals 
read after recording and after erasing) are measured with a spectrum analyzer. 

Changes in the thickness of the recording layer, dielectric layer, light absorbing layer, and reflecting layer during 
thier formation are monitored with a quartz -oscillator film thickness gauge. The thickness of each layer is determined 
20 from observations of their cross sections made with a scanning or transmission electron microscope. 

The heat conductivity and optical constants of the light absorbing layer are measured by the methods describe 
previously. 

Example 1 

25 

A recording layer, dielectric layer, light absorbing layer, and reflecting layer are formed by high-frequency sputtering 
over a polycarbonate substrate 0.6 mm in thickness. 8.6 cm in diameter provided with a spiral groove of a 1 .0 urn pitch. 
The substrate is rotated at 30 rpm during the sputtering process. 

To do this, a vacuum container is evacuated to 1x1 0~ 5 Pa, followed by the sputtering of ZnS containing 20 mol.% 

30 Si0 2 in an Ar gas atmosphere of 2x1 0-1 Pa to form a 80 nm thick f irst dielectric layer on the substrate. Subsequently, a 
ternary alloy with a composition of about Ge 0 .i8Sbo.26"feo.56 is sputtered with a composite target having small pieces of 
Nb and Pb on it to form a 30 nm thick recording layer with a composition of Pd 0 .oo2 Nb o.oo3 Ge a i75Sb 0 .26 Te o.56- A second 
dielectric layer of the same material as the first dielectric layer is then formed up to a thickness of 1 0 nm, followed by its 
sputtering with a Ti target to produce a 20 nm thick light absorbing layer. Finally, an alloy of ^0.02^0.002^0.978 is 

35 sputtered to form a 100 nm thick reflecting layer. 

After removing the disk out of the vacuum container, the reflecting layer is spin-coated with ultraviolet-curing acrylic 
resin (Dainippon Ink & Chemicals, Inc., SD-101), and it is cured by applying ultraviolet light to form a 10 pm thick resin 
layer, thus obtaining an optical recording medium of the present invention. It is then adhered to a similar disk produced 
in the same way with a hot-melt adhesive (Toa Synthetic Chemistry Industrials Co., Ltd., VW30) to form a double-sided 

40 disk. 

A semiconductor laser beam with a wave length of 820 nm is applied to this optical recording medium, and the whole 
area of the recording layer of the disk is crystallized for initialization. 

The light absorption of the disk in the amorphous state and the crystalline state is calculated from the optical constant 
and thickness of each layer at 69% and 68%, respectively, for light with a 680 nm wavelength, indicating that the light 
45 absorption is nearly the same for the amorphous state and the crystalline state. The calculated optical reflectance for 
the crystalline state is 22%, which agrees well with measurements made for the disk to confirm the validity of calculations. 

While rotating the disk at a rotation speed of 3600 rpm, data on the track at a radius of 39 mm are repeatedly 
overwritten 100 times with a semiconductor laser beam modulated to a peak power of 8-15 mW and bottom power of 
3-8 mW at a frequency of 5.73 MHz (pulse width 20 ns) by using an optical head that is 0.6 in the numerical aperture 
so of the objective lens and 680 nm in the wave length of the semiconductor laser beams. Then, while applying a semicon- 
ductor beam with a read power of 1 .2 mW, the C/N ratio is determined under the condition of 30 kHz band width. 

Furthermore, while one-beam overwriting is performed by exposing this portion to a 15.3 MHz (20 ns pulse width) 
semiconductor laser beam modulated as described above, the erase ratio for the record marks formed previously with 
a 5.73 MHz beam is measured. A C/N ratio of 45-49 dB is obtained at a peak power of 10-15 mW and an erase ratio of 
55 1 8-21 dB is achieved at a bottom power of 4-5 mW. 

In addition, one-beam overwriting is repeated 1 0,000 times under the conditions of a peak power of 1 0.5 mW, bottom 
power of 5 mW, and frequency of 5.73 MHz, followed by the same measuring process. The changes in the erase ratio 
are within 2 dB, showing no significant deterioration. 
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The recorded data are read after allowing the optical recording medium to stand at a temperature of 80°C and 
relative humidity of 80% for 1 .000 hours. The changes in the C/N ratio are within a very small range of 2 dB The CM 
ratio and erase ratio are measured after recording and erasing data again, but no significant changes are seen as in the 

3.DOV6 C3S6. 

5 

Example 2 

A recording layer, dielectric layer, light absorbing layer, and reflecting layer with the same compositions as in Example 
w of a* e'ZprtcfT'" 9 3 P ° lyCarbonate substrat e 1 .2 mm in thickness. 13 cm in diameter provided with a spiral groove 

The thickness of the first dielectric layer, recording layer, second dielectric layer, light absorbing layer, and reflecting 
layer is 130 nm. 25 nm. 15 nm, 20 nm. and 150 nm, respectively. >«"ecnng 
Thelight absorption of the disk in the amorphous state and the crystalline state is calculated from the optical constant 
and thickness of each layer at 68% and 64%. respectively, for light with a 780 nm wavelength, indicating that the light 
absorpton , ■ nearly the same for the amorphous state and the crystalline state. The calculated optical reflectance for 
the crystalline state is 30%. which agrees well with measurements of the disk to confirm the validity of calculations 

Wh.le rortatmg the disk at a linear velocity of 1 1 .3 m/sec. data are repeatedly overwritten 1 00 times with a semicon- 
f^Sf k m modu,ated to a P*** P° wer of 1 3-1 7 mW and bottom power of 6-12 mW at a frequency of 3 70 MHz 
\ Zu Tt V US ' n9 a " ° PtiCal h6ad ** iS 0 5 in num erical ^erture of the objective lens and 780 nm in the wave 
ength of the semiconductor laser beams. Then, while applying a semiconductor beam with a read power of 1 3 mW 
the C/N rafco is determined under the condition of 30 kHzband width. Furthermore, while one-beam overwriting is 
performed by exposing this portion to a 2.1 2 MHz (duty 45%) semiconductor laser beam modulated as described above 
measurements are made of the erase ratio for the record marks formed previously with a 5.73 MHz as well as the jitter 
at the rear edge of read s.gnals from the record marks. A C/N ratio of 50-58 dB. which is within a practically useful ranged 
?' n S a a P eak POMef ° f 1 5 ~ 1 7 ™ W and an erase ratio of 25 - 28 dB - which is also within a practically useful range 
15 aC f e !,!£ 3 u m POWef ° f 7 " 1 1 mW 7,16 jitter asi9ma » durin 9 overwriting at a bottom power of 9 mW is 3 0 ns ' 
In addition, one-beam overwriting is repeated 1 0.000 times under the conditions of a peak power of 1 7 mW bottom 

S^Ll^p T fr6qUenCy V ™ MHZ ' fo,,OWed by 53,1,6 measurin 9 P rocess " T** cha "9^ in the erase ratio 
are within 2 dB, showing no significant deterioration. 

The recorded data are read after allowing the optical recording medium to stand at a temperature of 80°C and 
re atove humidity of 80% for 1 .000 hours. The changes in the C/N ratio are within a very small range of 2 dB The CM 
ratio and erase ratio are measured after recording and erasing data again, but no significant changes are seen as in the 

3DOV6 C3S6S. 

35 Example 3 

A disk with the same constitution as in Example 2 except that the composition of the recording layer is 
™Do.oo5^eo. 17 5bb 0 26 Teo se is produced. Both calculations and measurements of the light absorption of this disk in the 
amorphous state and the crystalline state are the same as those in Example 2. Measurements are made in a similar 
40 way as in Example 2. and similar results are obtained. 

Example 4 



15 
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A recording layer, dielectric layer, light absorbing layer, and reflecting layer are formed by high-frequency sputtering 
over a polycarbonate substrate 0.6 mm in thickness, 8.6 cm in diameter provided with a spiral groove of a 1 0 um pitch 
The substrate is rotated at 30 rpm during the sputtering process. ' 
can J ? n f *a S ' 3 va ~ um , conta ' ner is evacuated to 1x10"* Pa, followed by the sputtering of ZnS containing 20 mol.% 
S.0 2 in an Ar gas atmosphere of 2x10~i Pa to form a 230 nm thick first dielectric layer on the substrate. Subsequently 
nf ?%! . f C ° mP ° SHi0n ° f ab0Ut GS ° -ioSbo.26Teo.5e is sputtered with a composit*target having smaH pieces 

of Nb and Pd on it to form a 20 nm thick recording layer with a composition of Pd 0 oo 2 Nb 0 17s Sbn ~Ten « A 

second d^,ectric.ayerofthe same materia, as the first dielectric layer^en formed up~o a mi^ 
TnSlfrr 9 ,, \ Nb tat9et t0 Pr0dUCS 3 40 nm thick ,ight abs °rbing layer. The material of the light absorbing layer 
nrn^SI reHSiHg layer ° f " W/m K - Fina " y - a " a "° y ° f Hfo 02Pd ° 002 Al ° 97 « is s P uttered to form a 40 

rM „ A m rremOVi ?, tt lf^ k OUt 01 the V3CUUm c™^™- *n e reflecting layer is spin-coated with uKraviolet-curing aaylic 
S T^ 0 " Chemi f ls - ,nc - SD " 1 01)- and it is cured by applying ultraviolet light to form a 10 nm thick resin 
layer, thus obtaining an optical recording medium of the present invention, ft is then adhered to a similar disk produced 
in the same way wrth a hot-melt adhesive (Toa Synthetic Chemistry Industrials Co., Ltd., VW30) to form a double-sided 
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A semiconductor laser beam with a wave length of 820 nm is applied to this optical recording medium, and the whole 
area of the recording layer of the disk is crystallized for initialization. 

According to the previously cited "Handbook of Optical Constants of Solids IP, the optical constants of Nb, the 
material of the light absorbing layer, include the refractive index and the extinction coefficient for a wave length of 780 

5 nm of 2.7 and 2.9, respectively. 

The light absorption of the disk in the amorphous state and the crystalline state is calculated from the optical constant 
and thickness of each layer at 61% and 66%, respectively, for light with a 680 nm wavelength, indicating that the light 
absorption for the crystalline state is larger than that for the amorphous state. The calculated optical reflectance for the 
crystalline state is 21%, which agrees well with measurements made for the disk to confirm the validity of calculations. 

10 While rotating the disk at a rotation speed of 3600 rpm, data on the track at a radius of 39 mm are repeatedly 
overwritten 100 times with a semiconductor laser beam modulated to a peak power of 8-15 mW and bottom power of 
3-8 mW at a frequency of 5.73 MHz (pulse width 20 ns) by using an optical head that is 0.6 in the numerical aperture 
of the objective lens and 680 nm in the wave length of the semiconductor laser beams. Then, while applying a semicon- 
ductor beam with a read power of 1 .2 mW, the C/N ratio is determined under the condition of 30 kHz band width. 

75 Furthermore, while one-beam overwriting is performed by exposing this portion to a 15.3 MHz (20 ns pulse width) 
semiconductor laser beam modulated as described above, the erase ratio for the record marks formed previously with 
a 5.73 MHz beam is measured. A C/N ratio of 50 dB or more is obtained at a peak power of 9-1 4 mW and an erase ratio 
of 20 dB or more is achieved at a bottom power of 4-6 mW. 

In addition, one-beam overwriting is repeated 10,000 times under the conditions of a peak power of 12 mW, bottom 

20 power of 6 mW, and frequency of 15.3 MHz, followed by the same measuring process. The changes in the erase ratio 
are within 2 dB, showing no significant deterioration. 

Example 5 

25 A recording layer, dielectric layer, and reflecting layer with the same compositions as in Example 4 are formed by 
using a polycarbonate substrate 1 .2 mm in thickness. 13 cm in diameter provided with a spiral groove of a 1 .6 \wn pitch. 
A light absorbing layer is formed by sputtering a Nb target. 

The thickness of the first dielectric layer, recording layer, second dielectric layer, light absorbing layer, and reflecting 
layer is 260 nm, 35 nm, 10 nm, 40 nm, and 90 nm, respectively. 

30 According to the previously cited "Handbook of Optical Constants of Solids IP, the optical constants of Nb, the 
material of the light absorbing layer, include the refractive index and the extinction coefficient for a wave length of 780 
nm of 2.2 and 3.3, respectively. 

The light absorption of the disk in the amorphous state and the crystalline state is calculated from the optical constant 
and thickness of each layer at 66% and 66%, respectively, for light with a 780 nm wavelength, indicating that the light 

35 absorption is the same for the amorphous state and the crystalline state. The calculated optical reflectance for the 
crystalline state is 26%, which agrees well with measurements made for the disk to confirm the validity of calculations. 

While rotating the disk at a linear velocity of 1 1 .3 m/sec, data are repeatedly overwritten 1 00 times with a semicon- 
ductor laser beam modulated to a peak power of 1 3-1 7 mW and bottom power of 6-1 2 mW at a frequency of 3.70 MHz 
(duty 45%) by using an optical head that is 0.5 in the numerical aperture of the objective lens and 780 nm in the wave 

40 length of the semiconductor laser beams. Then, while applying a semiconductor beam with a read power of 1 .3 mW. 
the C/N ratio is determined under the condition of 30 kHz band width. 

Furthermore, while one-beam overwriting is performed by exposing this portion to a 15.3 MHz (20 ns pulse width) 
semiconductor laser beam modulated as described above, measurements are made of the erase ratio for the record 
marks formed previously with a 5.73 MHz as well as the jitter at the rear edge of read signals from the record marks. A 

45 C/N ratio of 52 dB or more, which is within a practically useful range, is obtained at a peak power of 15-17 mW and an 
erase ratio of 22 dB or more, which is also within a practically useful range, is achieved at a bottom power of 6-8 mW. 
The jitter ([sigma]) during overwriting at a bottom power of 7 mW is 3.5 ns. 

In addition, one-beam overwriting is repeated 10,000 times under the conditions of a peak power of 16 mW, bottom 
power of 7 mW, and frequency of 3.70 MHz, followed by the same measuring process. The changes in the erase ratio 

so are within 2 dB, showing no significant deterioration. 

Example 6 

Using the same substrate as in Example 4, a dielectric layer and reflecting layer with the same compositions as in 
55 Example 4 are formed in the same way. The recording layer has a composition of Nbo.005Geo.175Sbo.26Teo.5s- The '' 9nt 
absorbing layer is formed by sputtering a Nb target as in Example 4. The thickness of the first dielectric layer, recording 
layer, second dielectric layer, light absorbing layer, and reflecting layer is 240 nm, 30 nm, 5 nm, 50 nm, and 30 nm, 
respectively. 
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a nH IS!S!?S P J onof thed>sk,n the amorphous state and the crystalline state is calculated from the optical constant 
and thrckness of each layer at 64% and 66%. respectively, for light with a 680 nm wavelength, indicating that the light 
ateorpbon is nearly the same for the amorphous state and the crystalline state. The calculSd opS^eSSe fo 
the crysta,. 1 nestate 1S 26%.whichagreeswe.lwith measurements rnade for the disk to confirm the ^ 

50 d?! T^JHH S° b and ^Vf^ meaSUred in *** Same ^ 35 in Example 4 - showi "9 that the C/N ratio is 
in h P ° W8r °! - 10 " 1 5 mW and 4,131 erase ratio is 20 dB or ™ re at a bottom power of 5-7 mW 

aTwrthl ch ^ qU-n ? °I- 15 3 fo,,0Wed bV 1,16 Same meaSurin 9 process " 7116 C ^"9^ in the erasTSb 
are wrthin 2 dB. showing no significant deterioration. ^ = a OC ■ auu 



Example 7 



Using the same substrate as in Example 4. a recording layer, dielectric layer and reflecting layer with the same 

rs ™7Z12?*2 fST ? rmSd " tHe Wa * ^ ' ight 3bS0fbing ^ is byspJaering a W Jget 

"£? abSOrb,n9 ' ayer in itS ^ State has a heat conductivity of 1 78 W/mK. The thickness of the fet 

S?S^?^S5^ die,ectric layer - li9W absorbing ,ayer - and l3yer * « - 2 ° - B 

f . A ^ di " 9 , °5 ,e p , re/k)us, y d,ed "Handbook of Optical Constants of Solids II". the optical constants of W the material 
S o ' ayer> inC ' Ude « ,d thS ■*«*" £ a «*• '^h of 680 nmlf 3.8 

3 . ™ e " ght 3bs ° rpt, u on of disk in 4,16 amorphous state and the crystalline state is calculated from the optical constant 
£2STT £ JT * ^ 58% ' for with a 680 nm wavelength, indicating M 

SK^SStSfS^ T th3t ^ am0fPh0US Sta,S - ThS cal -' at ^P«-' ^'eofance for 2 
crystaUine stole s 22%. which agrees well with measurements made for the disk to confirm the validity of calculations 

*n HQ ( , a 6raSe mtl ° are measured in *e same way as in Example 4, showing that the C/N ratio is 

in 3 i P °" W * 12 " 15 mW Bnd the 6raSe rati ° is 20 dB or ™ at a bottom power of 5 7 mW 

ad f'°^ ° na " baam Werw 7 tina is repeated 1 °-000 times under the conditions of a peak power of 1 3 mW. bottom 

^ Ik ,T and frequency of 15 3 MHz - fo,lowed by the same measuring process. The changes in the erase 
are wrthin 2 dB. showing no significant deterioration ranges in me erase ratio 

30 

Example 8 

rnmlJiw 6 ^V 1 ***** as in Example 4 - * wording layer, dielectric layer and reflecting layer with the same 
s3S>;= "IT S k a ^ form6d in thS Way ^ Wdkness of the first ^electric layer, recording toyer 
MISSIS 5? l 'jL ab !^ ,n9 J ayer - and ref lecting la * er is 230 nm - 30 nm. 5 nm. 40 nm. and 30 nm. respitivSy 

SS^T ,h JT 31 5?% and 62%> respectivel * *>r light with a 680 nm wavelength, indicating that toe light 
absorption tor the crystalline state is larger than that for the amorphous state. The calculated optical reflectancefo the 

CryS i e T»rl 2 ^ T 39reeS We " With measur ^ made for the disk to confirm thtvSdtty SSSSS 
so hrI!!? u era ? rati ° are measured in same way as in Example 4. showing that the C/N ratio is 

,» Z£? I P0W6r of 1 °" 1 5 mw and that the erase ratio is 20 dB or more at a bottom power of 4-7 mW 
«JJ 53 S 0 "^ 8 " 1 ^^"9 is re P eated1 0'^0 t^es urKler the conditions of apeakpower of 12.0 mw.bottom 

E^S2,V2? h ! eqU6nCy ° - 15 3 MHZl 1,16 83,116 me3Surin9 prOCess - 7116 c ^ a "9 es in erase "alio 

are within 2 dB. showing no significant deterioration. 

Example 9 

Using the 83016 sub strate as in Example 4. a recording layer, dielectric layer and reflecting layer with the same 

so SSSSTJIh" r Xa T P K e 4 ^ re formed " thS 53,116 ^ 7,16 ,i9W abs °* ing ,a ^ r is formed by Bering a Mo target 
f abSOrb,nQ ,3yer ,n itS bU ' k St3,e 3 heat ^"CtWty of 1 38 W/m K. The thickness of the first 
25 ^55" reCOrd,ng ^ e ;- second dielectric ,a ^. "BM absorbing layer, and reflecting .ayer is 70 nm. 35 nm. 5 nnT 
25 nm, and 70 nm. respectively. ■ 

According to the previously cited "Handbook of Optical Constants of Solids II". the optical constants of Mo the 

5S rs^ffcss^- indude - index and 8,6 extinction " ,or a — ^ - « 

in^P^nrt?^ 80 ^ 0 " °L? e diSk the amorphous state and the crystalDne state is calculated from the refractive 
index and thickness of each layer at 63% and 66%. respectively, for light with a 680 nm wavelength, indicating that the 
light absorpt.on ,s nearly the same for the amorphous state and the crystalline state. The calculated optical reflSnce 
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for the crystalline state is 27%, which agrees well with measurements made for the disk to confirm the validity of calcu- 
lations. 

Then, the C/N ratio and erase ratio are measured in the same way as in Example 4, showing that the C/N ratio is 
50 dB or more at a peak power of 11 -1 5 mW and that the erase ratio is 20 dB or more at a bottom power of 4-6 mW. 
5 In addition, one-beam overwriting is repeated 1 0,000 times under the conditions of a peak power of 1 3.0 mW, bottom 

power of 5 mW, and frequency of 15.3 MHz, followed by the same measuring process. The changes in the erase ratio 
are within 2 dB, showing no significant deterioration. 

Example 10 

10 

Using the same substrate as in Example 4, a dielectric layer and reflecting layer with the same compositions as in 
Example 4 are formed in the same way. The recording layer has a composition of Nb 0 005 Geo.i75Sbo.26 Te o.56* The ,j 9 nt 
absorbing layer is formed by sputtering a Mo target. The thickness of the first dielectric layer, recording layer, second 
dielectric layer, light absorbing layer, and reflecting layer is 220 nm, 20 nm, 10 nm, 40 nm, and 50 nm, respectively. 
is The light absorption of the disk in the amorphous state and the crystalline state is calculated from the optical constant 
and thickness of each layer at 54% and 61%, respectively, for light with a 680 nm wavelength, indicating that the light 
absorption for the crystalline state is larger than that for the amorphous state. The calculated optical reflectance for the 
crystalline state is 20%, which agrees well with measurements made for the disk to confirm the validity of calculations. 

Then, the C/N ratio and erase ratio are measured in the same way as in Example 4, showing that the C/N ratio is 
20 50 dB or more at a peak power of 10-14 mW and that the erase ratio is 20 dB or more at a bottom power of 5-7 mW. 

In addition, one-beam overwriting is repeated 1 0,000 times under the conditions of a peak power of 12 mW, bottom 
power of 6 mW, and frequency of 15.3 MHz, followed by the same measuring process. The changes in the erase ratio 
are within 2 dB, showing no significant deterioration. 

25 Example 1 1 

A recording layer, dielectric layer, and light absorbing layer are formed by high-frequency sputtering over a polycar- 
bonate substrate 0.6 mm in thickness, 8.6 cm in diameter provided with a spiral groove of a 1 .0 \im pitch. The substrate 
is rotated at 30 rpm during the sputtering process. 

30 To do this, a vacuum container is evacuated to 1x10" 5 Pa, followed by the sputtering of ZnS containing 20 mol.% 
Si0 2 in an Ar gas atmosphere of 2x1 0" 1 Pa to form a 230 nm thick first dielectric layer on the substrate. Subsequently, 
a ternary alloy with a composition of about Geo 18 Sb 0 .26 Te o,56 is sputtered with a composite target having small pieces 
of Nb and Pd on it to form a 20 nm thick recording layer with a composition of Pd 0 002 Nb 0 .003^0 .175^0 26^0.56- A 
second dielectric layer of the same material as the first dielectric layer is then formed up to a thickness of 5 nm, followed 

35 by its sputtering with a Nb target to produce a 60 nm thick light absorbing layer. The material of the light absorbing layer 
in its bulk state has a heat conductivity of 54 W/nrrK. 

After removing the disk out of the vacuum container, the light absorbing layer is spin-coated with ultraviolet^curing 
acrylic resin (Dainippon Ink & Chemicals, Inc., SD-101 ), and it is cured by applying ultraviolet light to form a 10 thick 
resin layer, thus obtaining an optical recording medium of the present invention. It is then adhered to a similar disk 

40 produced in the same way with a hot-melt adhesive (Toa Synthetic Chemistry Industrials Co., Ltd., VW30) to form a 
double-sided disk. 

A semiconductor laser beam with a wave length of 820 nm is applied to this optical recording medium, and the whole 
area of the recording layer of the disk is crystallized for initialization. 

According to the previously cited "Handbook of Optical Constants of Solids IT, the optical constants of Nb, the 
45 material of the light absorbing layer, include the refractive index and the extinction coefficient for a wave length of 680 
nm of 2.7 and 2.9, respectively. 

The light absorption of the disk in the amorphous state and the crystalline state is calculated from the optical constant 
and thickness of each layer at 53% and 63%, respectively, for light with a 680 nm wavelength, indicating that the light 
absorption for ther crystalline state is larger than that for the amorphous state. The calculated optical reflectance for the 
so crystalline state is 21%, which agrees well with measurements made for the disk to confirm the validity of calculations. 

While rotating the disk at a rotation speed of 3600 rpm, data on the track at a radius of 39 mm are repeatedly 
overwritten 100 times with a semiconductor laser beam modulated to a peak power of 8-15 mW and bottom power of 
3-8 mW at a frequency of 5.73 MHz (pulse width 20 ns) by using an optical head that is 0.6 in the numerical aperture 
of the objective lens and 680 nm in the wave length of the semiconductor laser beams. Then, while applying a semicon- 
55 ductor beam with a read power of 1 .2 mW, the C/N ratio is determined under the condition of 30 kHz band width. 

Furthermore, while one-beam overwriting is performed by exposing this portion to a 15.3 MHz (20 ns pulse width) 
semiconductor laser beam modulated as described above, the erase ratio for the record marks formed previously with 
a 5.73 MHz beam is measured. A C/N ratio of 49 dB or more is obtained at a peak power of 10-15 mW and an erase 
ratio of 20 dB or more is achieved at a bottom power of 5-7 mW. 
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In addition, one-beam overwriting is repeated 1 0.000 times under the conditions of a peak power of 1 2 0 mW bottom 

P ° Mer J?- 6 ^ W 'u and frea - uencv of 15 3 MHz - fo «° w ed by the same measuring process. The changes in the erase ratio 
are within 2 dB, showing no significant deterioration. 

s Example 12 

A recording layer and dielectric layer, and reflecting layer with the same compositions as in Example 1 1 are formed 
by using a polycarbonate substrate 1.2 mm in thickness. 13 cm in diameter provided with a spiral groove of a 1 6 urn 
pitch. A light absorbing layer is formed by sputtering a W target. The thickness of the first dielectric layer, recording'layer 
second d.electric layer, and light absorbing layer is 230 nm. 20 nm. 1 0 nm. and 50 nm. respectively. 

According to the previously cited "Handbook of Optical Constants of Solids II". the optical constants of W. the material 
of the light absorbing layer, include the refractive index and the extinction coefficient for a wave length of 680 nm of 3 8 
and 2.9. respectively. 

The light absorption of the disk in the amorphous state and the crystalline state is calculated from the refractive 
index and thickness of each layer at 53% and 62%. respectively, for light with a 680 nm wavelength, indicating that the 
light absorption for the crystalline state is larger than that for the amorphous state. The calculated optical reflectance 
for the crystalline state is 20%. which agrees well with measurements made tor thedisk to confirm the validity of calcu- 
lations. 7 

Cft J? 6 "' * he C/N rati ° 3nd erase ratio are measured in the same way as in Example 1 1 . showing that the C/N ratio is 
50 dB or more at a peak power of 9-1 5 mW and that the erase ratio is 20 dB or more at a bottom power of 5-7 mW The 
jitter ([sigma]) during overwriting at a bottom power of 6 mW is 4.2 ns. 

In addition, one-beam overwriting is repeated 1 0.000 times under the conditions of a peak power of 1 2 mW bottom 

P0We Lu- ^ a u" d frequenc y of 15 3 MHz - followe d by the same measuring process. The changes in the erase ratio 
are within 2 dB, showing no significant deterioration. 

Example 13 

Using the same substrate as in Example 1 1 . dielectric layers with the same compositions as in Example 1 1 are 
^rm^ T T T ^l r ! a5rdin ^! ayer h3S 3 com P° sition of Nbo.005Geo.175Sbo56Teo.s6. The light absorbing layer 
5T« u y s P Lrtte " n9 a Nb target The thickness of the first dielectric layer, recording layer, second dielectric layer 
and light absorbing layer is 230 nm, 30 nm, 10 nm. and 60 nm, respectively. 

The light absorption of the disk in the amorphous state and the crystalline state is calculated from the optical constant 
and thickness of each layer at 63% and 64%, respectively, for light with a 680 nm wavelength, indicating that the light 
absorption e nearly the same for the amorphous state and the crystalline state. The calculated optical reflectance for 
the crystalline state is 27%, which agrees well with measurements made forthedisk to confirm the validity of calculations 
Then, the C/N ratio and erase ratio are measured in the same way as in Example 1 1 . showing that the C/N ratio is 
50 dB or more at a peak power of 1 3-1 5 mW and that the erase ratio is 20 dB or more at a bottom power of 4-6 mW 
In addition, one-beam overwriting is repeated 10,000 times under the conditions of a peak power of 13 mW bottom 

P °" 8 L? and frequency of 15 3 MHz - followed by the same measuring process. The changes in the erase ratio 
are within 2 dB. showing no significant deterioration. 

Example 14 

Using the same substrate as in Example 11. dielectric layers with the same compositions as in Example 1 1 are 
* e "T ?"* ™? reCOrdi " 9 ,ayer has a ^osft™ °» Nb 0 .oo 5 Geo.i7 5 Sb 026 Te 0 56 . The light absorbing layer 
i « Z J?J* 9 3 tar9et 1116 material ° f the li9ht ablins ^ in its bulk state has a heat conductivity of 

1 78 W/m K The thickness of the first dielectric layer, recording layer, second dielectric layer, and light absorbing layer 
is 230 nm, 30 nm, 5 nm. and 40 nm, respectively. " 

Thelight absorption of thedisk in the«morphous state and the crystalline state is calculated from the optical constant 
and thickness of each layer at 59% and 63%. respectively, for light with a 680 nm wavelength, indicating that the light 
absorption for tiie crystalline state is larger than that for the amorphous state. The calculated optical reflectance for the 
crystalline state is 25%. which agrees well with measurements made for the disk to confirm the validity of calculations 
* n wo' rat, ° and Srase ratio are measur « 1 in the same way as in Example 1 1 . showing that the C/N ratio is 

50 dB or more at a peak power of 1 2-1 5 mW and that the erase ratio is 20 dB or more at a bottom power of 4-6 mW. 
in addition, one-beam overwriting is repeated 10.000 times under the conditions of a peak power of 12 mW bottom 

tKHm j! JOS' ^ frequenCy 01 15 3 MHz - fo,lowed by the same measuring process. The changes in the erase ratio 
are within 2 dB. showing no significant deterioration. 
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Example 15 

Using the same substrate as in Example 11. dielectric layers with the same compositions as in Example 1 1 are 
formed in the same way. The recording layer has a composition of Nb 0 .oo5 Ge o.i75Sb 0 .26 Te o.56- Tne absorbing layer 
s is formed by sputtering a Mo target. The material of the light absorbing layer in its bulk state has a heat conductivity of 
138 W/rrrK. The thickness of the first dielectric layer, recording layer, second dielectric layer, and light absorbing layer 
is 70 nm. 35 nm. 5 nm, and 40 nm, respectively. 

According to the previously cited "Handbook of Optical Constants of Solids ll H , the optical constants of Mo, the 
material of the light absorbing layer, include the refractive index and the extinction coefficient for a wave length of 680 
w nm of 3.8 and 3.6, respectively. 

The light absorption of the disk in the amorphous state and the crystalline state is calculated from the optical constant 
and thickness of each layer at 65% and 66%, respectively, for light with a 680 nm wavelength, indicating that the light 
absorption is nearly the same for the amorphous state and the crystalline state. The calculated optical reflectance for 
the crystalline state is 27%. which agrees well with measurements made for the disk to confirm the validity of calculations. 
15 Then, the C/N ratio and erase ratio are measured in the same way as in Example 1 1 , showing that the C/N ratio is 
50 dB or more at a peak power of 1 1 -1 4 mW and that the erase ratio is 20 dB or more at a bottom power of 3-5 mW. 

In addition, one-beam overwriting is repeated 1 0,000 times under the conditions of a peak power of 1 1 mW, bottom 
power of 4 mW. and frequency of 15.3 MHz, followed by the same measuring process. The changes in the erase ratio 
are within 2 dB. showing no significant deterioration. 

20 

Example 16 

A recording layer, dielectric layer, light absorbing layer, and a reflecting layer are formed by high-frequency sputtering 
over a polycarbonate substrate 0.6 mm in thickness, 8.6 cm in diameter provided with a spiral groove of a 1 .0 \im pitch. 

25 The substrate is rotated at 30 rpm during the sputtering process. 

To do this, a vacuum container is evacuated to 1x1 0~ 5 Pa, followed by the sputtering of ZnS containing 20 mol.% 
Si0 2 in an Ar gas atmosphere of 2x1 0~1 Pa to form a 220 nm thick first dielectric layer with a refractive index of about 
2.2 on the substrate. Subsequently, an alloy target consisting of Pd, Nb, Ge. Sb. and Te is sputtered to form a 21 nm 
thick recording layer with a composition of Pd 0 2 Nb 0 3<3ei8 sSt^Te^ (atomic %). A second dielectric layer of the same 

30 material as the first dielectric layer is then formed up to a thickness of 8 nm, followed by the production of a 40 nm thick 
light absorbing layer of a W74Y26 (atomic %) alloy on the second dielectric layer. Further, a 60 nm thick reflecting layer 
of a Hf 0 02 Pdo.oo2 A, o.978 al,ov is formed. 

After removing this optical recording medium out of the vacuum container, the reflecting layer is spin-coated with 
ultraviolet-curing acrylic resin (Dainippon Ink & Chemicals, Inc., SD-101), and it is cured by applying ultraviolet light to 

35 form a 10 \xm thick resin layer, followed by the adhesion of this medium to a disk with the same constitution with a hot- 
melt adhesive (Toa synthetic Chemistry Industrials Co., Ltd.. VW30), thus obtaining an optical recording medium of the 
present invention. 

While rotating this optical recording medium at 2400 rpm. a semiconductor laser beam with a wave length of 820 
nm converged into an ellipse with its long axis oriented in the radial direction is applied from the substrate side to crys- 
40 tallize the recording layer for initialization. 

The optical constants of the W74Y23 alloy used as the light absorbing layer include the refractive index and the 
extinction coefficient for a wave length of 680 nm of 3.6 and 3.6, respectively. 

The light absorption of this optical recording medium in the amorphous state and the crystalline state is calculated 
from the optical constant and thickness of each layer at 50% and 60%, respectively, for light with a 680 nm wavelength, 
45 indicating that the light absorption for the crystalline state is larger than that for the amorphous state. The calculated 
optical reflectance for the crystalline state is 22%, which agrees well with measurements made for the disk to confirm 
the validity of calculations. 

While rotating this optical recording medium at a rotation speed of 3600 rpm, data on the track at a radius of 39 mm 
are repeatedly overwritten 100 times with a semiconductor laser beam modulated to a peak power v of 8-15 mW and 
so bottom power of 3-8 mW at a frequency of 15.3 MHz (pulse width 20 nsec) by using an optical head that is 0.6 in the 
numerical aperture of the objective lens and 680 nm in the wave length of the semiconductor laser beams. Then, while 
applying a semiconductor beam with a read power of 1 .2 mW, the C/N ratio is determined under the condition of 30 kHz 
band width. 

Furthermore, while one-beam overwriting is performed by exposing this portion to a 5.73 MHz (pulse width 20 nsec) 
55 semiconductor laser beam modulated as described above to a peak power of 8-1 5 mW and a bottom power of 3-8 mW, 
and then the erase ratio for the record marks formed previously with a 5.73 MHz beam is measured. 

A C/N ratio of 50 dB or more is obtained at a peak power of 1 1-14 mW, and an erase ratio of 20 dB or more is 
achieved at a bottom power of 4-6 mW, with the maximum erase ratio obtained being 23 dB. 
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^ iti °"; on e-beam overwriting is repeated 10.000 times under the conditions of a peak power of 12 mW bottom 

£££ 2 3? °l 15 1 foHOWed by ^ 53,116 measurin 9 P rocess ™ e cha "9es in the erased 

are within 2 dB, showing no significant deterioration. 

5 Example 17 

An optical recording media similar to the one in Example 16 except that the thickness of the recording layer second 

esse srxWpSsr M 50 nm - re ™ ^ - wass 

fmJU 6 " 9 ? a T Sorpt,on 01 optical ^ding medium in the amorphous state and the crystalline state is calculated 
™h "Bht absorption for the crystalline state is larger than that for the amorphous state The calculated 

r a «o^f e ^ R ra1i0 ^^f ratl ^ 01 *"* 0ptiCa ' reCOrding medium is -measured in the same as in Example 16 A C/N 
ratio of 50 dB o more .s obtained at a peak power of 10-14 mW. and an erase ratio of 20 dB or more isacWwed at a 
bottom power of 5-6.5 mW. with the maximum erase ratio obtained being 20 5 dB 

™ a f d f^w ne "5t am ° VerWri ! n9 isre P eated 10.000 times underthe conditions of apeak power of 11 mW bottom 

aTwLSn 2 dTch eqUenCy ? 15 3 MH2 ' fo,IOWed by Same measurin 9 P rocess " Ganges ^ the erase S 
are within 2 dB, showing no significant deterioration. ««»eic«iu 

Example 18 



TO 



15 



20 



25 



r op , tical r ecordir« media similar to the one in Example 16 except that the thickness of the first dielectric laver 
SeCOnd ^ e T ,a ^ r - and refl ^9 'aver is 230 nm. 25 nm. 10 nm. and 50 nm. respeSve^andTai 
a Cr38Mo62 alloy is used as the material for the light absorption layer is produced 

The optical constants of the Cr^Mo,* alloy used as the light absorbing layer include the refractive ind P * anH »h 0 
so ext.nct.on coefficient for a wave length of 680 nm of 3.8 and 4.3 respectively. 

^2 J? * 8on J°" * ^« optical recording medium in the amorphous state and the crystalline state is calculated 
Sna^'af^lS IE ^f,? ' ayer * 62% and respectively, for lightwith a 680 nm 

Hi ^ '^absorption for the crystalline state is larger than that for the amorphous state. The calculated 

35 K«^ ne state is 24% - ^ ich a9rees we " * th ™ erts - da * - disk KSE 

^iHi^ 0 3nd eraSe rati ° ° f ** opt,cal recordi n9 medium is measured in the same as in Example 16 A C/N 

ratio of 50 dB or more ,s obtained at a peak power of 10-14 mW. and an erase ratio of 20 dB or nW£ach wed at a 

bottom power of 4-6 mW. with the maximum erase ratio obtained being 22 dB 
40 n™,i? off Iw ° na * eam overwri ting is repeated 1 0.000 times under the conditions of a peak power of 1 1 mW bottom 
40 power of 5 m W, and frequency of 15.3 MHz, followed by the same measuring process The changes in the erase ratfo 

are within 2 dB. showing no significant deterioration. ranges in tne erase ratio 
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Example 19 



rcJ^ 0f ? reC ° 7 media Simi ' ar t0 the ° ne in Exam P' e 16 exce P* th at the thickness of the first dielectric layer 
recording lay* second dielectric layer, light absorbing layer and reflecting layer is 85 nm. 20 nm IS^nT^nm and' 
70 nnr respectively, and that a Nb 31 Mo 69 alloy is used as the materia, for the light absorption adjusting tayTr is JSbS 

extinction coeff.aent for a wave length of 680 nm of 3.8 and 3.9. respectively. 

from*!! IS^^f ^ ^J^' reCOrdin9 mediUm in the a <™phous state and the crystalline state is calculated 
from the optical constant and th.ckness of each layer at 62% and 68%. respectively, for light with a 680 nm wav^enoth 
'SSV? ^sorption for the crystalline state is .arger than that for L amorphous sSe The catuSed' 

^tinTTr^D^ 0 ^ 6r !! 6 rati ° * "* 0ptiCa ' rec0fd ing medium is measured in the same as in Example 16 A C/N 
rata) of 50 dB or more .s obtained at a peak power of 10-15 mW. and an erase ratio of 20 dB or more Jach wed at a 
bottom power of 4.5-6.5 mW. with the maximum erase ratio obtained being 23 dB 
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In addition, one-beam overwriting is repeated 10.000 times under the conditions of a peak power of 12 mW, bottom 
power of 5.5 mW, and frequency of 15.3 MHz. followed by the same measuring process. The changes in the erase ratio 
are within 2 dB, showing no significant deterioration. 

s Example 20 

An optical recording media similar to the one in Example 16 except that the thickness of the first dielectric layer, 
recording layer, second dielectric layer, and reflecting layer is 230 nm, 25 nm, 5 nm, and 30 nm, respectively, and that 
a Y26W74 alloy is used as the material for the light absorption layer is produced. 

10 The optical constants of the Y26W74 alloy used as the light absorbing layer include the refractive index and the 
extinction coefficient for a wave length of 680 nm of 3.6 and 3.6, respectively. 

The light absorption of this optical recording medium in the amorphous state and the crystalline state is calculated 
from the optical constant and thickness of each layer at 60% and 66%. respectively, for light with a 680 nm wavelength, 
indicating that the light absorption for the crystalline state is larger than that for the amorphous state. The calculated 

15 optical reflectance for the crystalline state is 25%, which agrees well with measurements made for the disk to confirm 
the validity of calculations. 

The C/N ratio and erase ratio of this optical recording medium is measured in the same as in Example 16. A C/N 
ratio of 50 dB or more is obtained at a peak power of 1 1-14 mW, and an erase ratio of 20 dB or more is achieved at a 
bottom power of 4-5.5 mW, with the maximum erase ratio obtained being 22 dB. 
20 In addition, one-beam overwriting is repeated 1 0,000 times under the conditions of a peak power of 12 mW, bottom 

power of 5 mW, and frequency of 15.3 MHz, followed by the same measuring process. The changes in the erase ratio 
are within 2 dB, showing no significant deterioration. 

Example 21 

25 

An optical recording media similar to the one in Example 16 except that the thickness of the first dielectric layer, 
recording layer, second dielectric layer, and reflecting layer is 230 nm, 40 nm, 5 nm, and 30 nm, respectively, and that 
a Cr3 8 Mo 6 2 alloy is used as the material for the light absorption layer is produced. 

The optical constants of the Cr 3 8Mo 6 2 alloy used as the light absorbing layer include the refractive index and the 
30 extinction coefficient for a wave length of 680 nm of 3.8 and 4.3, respectively. 

The light absorption of this optical recording medium in the amorphous state and the crystalline state is calculated 
from the optical constant and thickness of each layer at 65% and 68%, respectively, for light with a 680 nm wavelength, 
indicating that the light absorption for the crystalline state is slightly larger than that for the amorphous state. The cal- 
culated optical reflectance for the crystalline state is 27%, which agrees well with measurements made for the disk to 
35 confirm the validity of calculations. 

The C/N ratio and erase ratio of this optical recording medium is measured in the same as in Example 16. A C/N 
ratio of 50 dB or more is obtained at a peak power of 12-15 mW. and an erase ratio of 20 dB or more is achieved at a 
bottom power of 5-7 mW, with the maximum erase ratio obtained being 21 dB. 

In addition, one-beam overwriting is repeated 10,000 times under the conditions of a peak power of 13 mW, bottom 
40 power of 6 mW, and frequency of 15.3 MHz, followed by the same measuring process. The changes in the erase ratio 
are within 2 dB, showing no significant deterioration. 

Example 22 

45 An optical recording media similar to the one in Example 16 except that the thickness of the first dielectric layer, 

recording layer, second dielectric layer, light absorbing layer and reflecting layer is 230 nm, 30 nm, 10 nm, 25 nm, and 
30 nm, respectively, and that a Y26W74 alloy is used as the material for the light absorption layer is produced. 

The optical constants of the Y26W74 alloy used as the light absorbing layer include the refractive index and the 
extinction coefficient for a wave length of 680 nm of 3.6 and 3.6, respectively. 

so The light absorption of this optical recording medium in the amorphous state and the crystalline state is calculated 
from the optical constant and thickness of each layer at 63% and 66%, respectively, for light with a 680 nm wavelength, 
indicating that the light absorption for the crystalline state is slightly larger than that for the amorphous state. The cal- 
culated optical reflectance for the crystalline state is 27%, which agrees well with measurements made for the disk to 
confirm the validity of calculations. 

55 The C/N ratio and erase ratio of this optical recording medium is measured in the same as in Example 16. A C/N 
ratio of 50 dB or more is obtained at a peak power of 1 1-14 mW, and an erase ratio of 20 dB or more is achieved at a 
bottom power of 4-5.5 mW, with the maximum erase ratio obtained being 21 dB. 
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In addition one^eam overwriting is repeated 1 0.000 times under the conditions ot a peak power of 12mW bottom 

arTwttWn P HR^h enCy a < 15 3 ^ follOWed by ^ measurin 9 P^ess. The changes in the erase ratio 

are within 2 dB. showing no significant deterioration. 

5 Example 23 

An optical recording media similar to the one in Example 16 except that the thickness of the first dielectric layer 
recording aver. I,ght absorbing layer, and reflecting layer is 210 nm. 20 nm. 30 nm. and 70 nm. respeSive!y^nd hTa 
Te38W 62 alloy ,s used as the material for the light absorption layer is produced 

p*« JS™ S COn T^ ntS ° f th ? T638W62 a " 0y ^ as the ^ absofbin 9 incl "de the refractive index and the 
extinction coefficient for a wave length of 680 nm of 5.2 and 3.2, respectively. 

f m Jl! 5? a f sor Pl ion 01 ™ s °P tical recording medium in the amorphous state and the crystalline state is calculated 
from the opt:caJ constant and thickness of each layer at 45% and 55%. respectively, for light with a 680 nm wa^engtT 
,ght , absor P tion for th * ^stalline state is larger than that for the amorphous state, ThTSSKj 
TZZT™JZ^" y * anine St3te ^ 27% ' «** We " ^ — ^ -de for the ols^'oo^m 

ra i ^^J 3 * 0 era !f rati ° ° f this ° ptical recordin 9 medium is measured in the same as in Example 16 A C/N 
ratio of 50 dB or more .s obtained at a peak power of 12-15 mW. and an erase ratio of 20 dB or more isachieved at a 
bottom power of 4.5-6 mW. with the maximum erase ratio obtained being 22 dB * a 

on J.? nlT^ ^tt 69 " 1 werw f n 9 is re P e ^ 10.000 times under the conditions of a peak power of 13 mW. bottom 

a^Stl p hp h 6qUenCy ° - 15 3 MHZ ' foll0Wed * th6 S3me meaSurin 9 P rocess - ™» changes in the erase rZ 
are within 2 dB, showing no significant deterioration. 
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Example 24 



An optical recording media similar to the one in Example 16 except that the thickness of the first dielectric laver 

ITh w T SeC °^, dielectric ,ayer - and ref l6Cti "9 "V* is 230 nm, 30 nm. 5 nm. and 30 nm. respective^ and I thai 
a Nb3 3 W 67 alloy is used as the material for the light absorption layer is produced 

P^nULTo 2 C ° n fT lS 0f N ^3 Ws7 all °y used as *e light absorbing layer include the refractive index and the 
extinction coefficient for a wave length of 680 nm of 3.7 and 4. 1 , respectively. 

frnml! IS^T' 0 .!! 0 ' w recordin 9 medium in the amorphous state and the crystalline state is calculated 

from4he optical constant and thickness of each layer at 62% and 66%. respectively, for light with a 680 nm wavelength 

gut ^ « for the crystalline state js |arger ^ ^ for v e s ^ S^Sffi 

3S ^Z S^uZZ"* ™ St3te " ^ WWCh a9re6S We " "" h mea — * -ade * »e disk to conf frm 

ra «o^7 n rati0 ^ ef !! e rati ° ° f "* ° ptiCal recordin 9 medium is measured in the same as in Example 16 A C/N 
ratio of 50 dB or more is obtained at a peak power of 13-15 mW, and an erase ratio of 20 dB or more is achieved at a 
bottom power of 4.5-6 mW. with the maximum erase ratio obtained being 22 dB 

nnJ! nffmw ° na t eam * seated 1 0.000 times under the conditions of a peak power of 14 mW, bottom 

aTwiht VrfR k eqUenCy ° f 15 3 MHZl fo ' ,0Wal ** me 83016 measurin 9 P™«* The changes in the erase ratio 
are within 2 dB, showing no significant deterioration. 

Example 25 

hrt n a i reC ^ in i dieleCt u iC ^ and " ght absorbin 9 '^r are formed by high-frequency sputtering over a polycar- 
££2252^ h™ ,n : hlCkneSS ' 8 6 cm in diamete ' with a spiral groove of a 1 .0 ^m pfc*. The sSiate 

is rotated at 30 rpm during the sputtering process. 

To do this, a vacuum container is evacuated to 1x10"5 Pa. followed by the sputtering of ZnS containing 20 mol % 

2 2^" ZZZTST*" "J"** * * **" * 250 " *** ** layer ^ h a refrac «- indigo* 

21 ion the substrate. Subsequently, an alloy target consisting of Pd. Mb. Ge. Sb. and Te is sputtered to form a 21 nm 

mitnSS aye 7 | ^. co I m P° sition °< P d o. 2 Nb 0 ,Ge 18 . 5 Sb 27 T e54 (atomic %,. A second d^ectric layJcrf the sa^ 
material as the irst d.electnc layer ,s then formed up to a thickness of 8 nm. followed by the production of a 70 nm thick 
light absorbing layer of a W 59 Cr 4 i (atomic %) alloy on the second dielectric layer 

After removing this optical recording medium out of the vacuum container, the light absorbing layer is soin-coated 

T^7T*Tr aylic . resin (Dainippon lnk & Chemicals - lnc - SD - 101 )' and ■ * ^^SSZSSSSSSi 

KSTJ22^f T " ' ayer - *° ,,owed b * the of this medium to a disk with the same constitution wiS a 

K^SSZfa?" " Ch6miStry ,ndUStrialS 00 • Ltd - VW30 >' «« obtaini "9 an optical recording medium of 
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While rotating this optical recording medium at 2400 rpm, a semiconductor laser beam with a wave length of 820 
nm converged into an ellipse with its long axis oriented in the radial direction is applied from the substrate side to crys- 
tallize the recording layer for initialization. 

The optical constants of the W 59 Cr 41 alloy used as the light absorbing layer include the refractive index and the 
5 extinction coefficient for a wave length of 680 nm of 4.0 and 4.3, respectively. 

The light absorption of this optical recording medium in the amorphous state and the crystalline state is calculated 
from the optical constant and thickness of each layer at 50% and 60%, respectively, for light with a 680 nm wavelength, 
indicating that the light absorption for the crystalline state is larger than that for the amorphous state. The calculated 
optical reflectance for the crystalline state is 22%, which agrees well with measurements made for the disk to confirm 
w the validity of calculations. 

While rotating this optical recording medium at a rotation speed of 3600 rpm, data on the track at a radius of 39 mm 
are repeatedly overwritten 100 times with a semiconductor laser beam modulated to a peak power of 7-15 mW and 
bottom power of 3-8 mW at a frequency of 15.3 MHz (pulse width 20 nsec) by using an optical head that is 0.6 in the 
numerical aperture of the objective lens and 680 nm in the wave length of the semiconductor laser beams. Then, while 
15 applying a semiconductor beam with a read power of 1 .2 mW, the C/N ratio is determined under the condition of 30 kHz 
band width. 

Furthermore, while one-beam overwriting is performed by exposing this portion to a 5.73 MHz (pulse width 20 nsec) 
semiconductor laser beam modulated as described above to a peak power of 7-15 mW and a bottom power of 3-8 mW, 
and then the erase ratio for the record marks formed previously with a 5.73 MHz beam is measured. 
20 A C/N ratio of 50 dB or more is obtained at a peak power of 10-15 mW, and an erase ratio of 20 dB or more is 
achieved at a bottom power of 4-5.5 mW, with the maximum erase ratio obtained being 22 dB. 

In addition, one-beam overwriting is repeated 10,000 times under the conditions of a peak power of 11 mW, bottom 
power of 4.5 mW, and frequency of 15.3 MHz, followed by the same measuring process. The changes in the erase ratio 
are within 2 dB, showing no significant deterioration. 

25 

Example 26 

An optical recording media similar to the one in Example 16 except that the thickness of the first dielectric layer is 
230 nm and that a Mo 6 2Cr 3 a alloy is used as the material for the light absorption layer is produced. 
30 The optical constants of the Mo 6 2Cr 3 8 alloy used as the light absorbing layer include the refractive index and the 
extinction coefficient for a wave length of 680 nm of 3.8 and 4.3, respectively. 

The light absorption of this optical recording medium in the amorphous state and the crystalline state is calculated 
from the optical constant and thickness of each layer at 52% and 63%, respectively, for light with a 680 nm wavelength, 
indicating that the light absorption for the crystalline state is larger than that for the amorphous state. The calculated 
35 optical reflectance for the crystalline state is 20%, which agrees well with measurements made for the disk to confirm 
the validity of calculations. 

The C/N ratio and erase ratio of this optical recording medium is measured in the same as in Example 25. A C/N 
ratio of 50 dB or more is obtained at a peak power of 9-15 mW, and an erase ratio of 20 dB or more is achieved at a 
bottom power of 4-5.5 mW, with the maximum erase ratio obtained being 22 dB. 
40 in addition, one-beam overwriting is repeated 1 0,000 times under the conditions of a peak power of 1 1 mW, bottom 
power of 4.5 mW, and frequency of 15.3 MHz, followed by the same measuring process. The changes in the erase ratio 
are within 2 dB, showing no significant deterioration. 

Example 27 

45 

An optical recording media similar to the one in Example 25 except that the thickness of the recording layer and 
second dielectric layer is 20 nm and 10 nm, respectively, and that a W 59 Cr 41 alloy is used as the material for the light 
absorption layer is produced. 

The optical constants of th^W 5 9Cr 41 alloy used as the light absorbing layer include the refractive index and the 
so extinction coefficient for a wave length of 680 nm of 4.0 and 4.3. respectively. 

The light absorption of this optical recording medium in the amorphous state and the crystalline state is calculated 
from the optical constant and thickness of each layer at 60% and 64%, respectively, for light with a 680 nm wavelength, 
indicating that the light absorption for the crystalline state is larger than that for the amorphous state. The calculated 
optical reflectance for the crystalline state is 23%. which agrees well with measurements made for the disk to confirm 
55 the validity of calculations. 

The C/N ratio and erase ratio of this optical recording medium is measured in the same as in Example 25. A C/N 
ratio of 50 dB or more is obtained at a peak power of 8-14 mW, and an erase ratio of 20 dB or more is achieved at a 
bottom power of 3.5-5.5 mW, with the maximum erase ratio obtained being 20 dB. 
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In addition, one-beam overwriting is repeated 10,000 times under the conditions of a peak power of 10 mW bottom 
power of 4 mW, and frequency of 15.3 MHz. followed by the same measuring process. The changes in the erase ratio 
are within 2 dB, showing no significant deterioration. 

5 Example 28 

An optical recording media similar to the one in Example 25 except that the thickness of the first dielectric layer 
recording layer, and second dielectric layer is 210 nm, 20 nm. and 15 nm, respectively, and that a Mo6 9 Nb 31 alloy 
used as the material for the light absorption layer is produced. 

The optical constants of the Mo 69 Nb 3 i alloy used as the light absorbing layer include the refractive index and the 
extinction coefficient for a wave length of 680 nm of 3.8 and 3.9, respectively 

The light absorption of the optical recording medium in the amorphous state and the crystalline state is calculated 
from the optical constant and thickness of each layer at 63% and 65%, respectively, for light with a 680 nm wavelength 
indicating that the light absorption is nearly the same for the amorphous state and the crystalline state The calculated 
optical reflectance for the crystalline state is 26%. which agrees well with measurements made for the disk to confirm 
the validity of calculations. 

The C/N ratio and erase ratio of this optical recording medium is measured in the same as in Example 25 A C/N 
ratio of 50 dB or more is obtained at a peak power of 9-15 mW. and an erase ratio of 20 dB or more is achieved at a 
bottom power of 4-5 mW, with the maximum erase ratio obtained being 22 dB. 

In addition, one-beam overwriting is repeated 10,000 times under the conditions of a peak power of 1 1 mW, bottom 
power of 4.5 mW. and frequency of 1 5.3 MHz. followed by the same measuring process. The changes in the erase ratio 
are within 2 dB, showing no significant deterioration. 
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Example 29 



An optical recording media similar to the one in Example 25 except that the thickness of the first dielectric layer 
recording layer, second dielectric layer, and light absorbing layer is 230 nm, 30 nm, 1 0 nm. and 40 nm. respectively, and 
that a Mo 76 Y 2 4 alloy is used as the material for the light absorption layer is produced. 

The optical constants of the Mo7 6 Y 2 4 alloy used as the light absorbing layer include the refractive index and the 
30 extinction coefficient for a wave length of 680 nm of 3.7 and 3.7. respectively. 

The light absorption of the optical recording medium in the amorphous state and the crystalline state is calculated 
from the optical constant and thickness of each layer at 64% and 64%. respectively, for light with a 680 nm wavelength 
indicating that the light absorption is the same for the amorphous state and the crystalline state. The calculated opticai 
of ciSatio^ ° ryStal,ine St3te iS 27% * ^ Ch agrees weH wltn m ^surements made for the disk to confirm the validity 

The C/N ratio and erase ratio of this optical recording medium is measured in the same as in Example 25 A C/N 
ratio of 50 dB or more is obtained at a peak power of 7-13 mW, and an erase ratio of 20 dB or more is achieved at a 
bottom power of 3-4 mW, with the maximum erase ratio obtained being 20.5 dB. 

In addition, one-beam overwriting is repeated 10,000 times under the conditions of a peak power of 9 mW bottom 
power of 3.5 mW, and frequency of 15.3 MHz, followed by the same measuring process. The changes in the erase ratio 
are within 2 dB, showing no significant deterioration. 

Example 30 

An optical recording media similar to the one in Example 25 except that the thickness of the first dielectric layer 
recording layer, second dielectric layer, and light absorbing layer is 230 nm. 30 nm, 5 nm, and 40 nm. respectively and 
that a W 62 Te38 alloy is used as the material for the light absorption layer is produced. 

The optical constants of the W 62 Te 38 alloy used as the light absorbing layer include the refractive index and the 
extinction coefficient for a wave length of 680 nm of 5.2 and 3.2, respectively. 

The light absorption of the optical recording medium in the amorphous state and the crystalline state is calculated 
from the optical constant and thickness of each layer at 63% and 65%. respectively, for light with a 680 nm wavelength 
indicating that the light absorption is nearly the same for the amorphous state and the crystalline state The calculated 
optical reflectance for the crystalline state is 26%, which agrees well with measurements made for the disk to confirm 
the validity of calculations. 

The C/N ratio and erase ratio of this optical recording medium is measured in the same as in Example 25 A C/N 
ratio of 50 dB or more is obtained at a peak power of 8-13 mW, and an erase ratio of 20 dB or more is achieved at a 
bottom power of 3.5-4.5 mW, with the maximum erase ratio obtained being 20.5 dB. 
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In addition, one-beam overwriting is repeated 1 0,000 times under the conditions of a peak power of 10 mW, bottom 
power of 4 mW, and frequency of 15.3 MHz, followed by the same measuring process. The changes in the erase ratio 
are within 2 dB, showing no significant deterioration. 

5 Example 31 

A recording layer, dielectric layer, and light absorbing layer are formed by high-frequency sputtering over a polycar- 
bonate substrate 0.6 mm in thickness, 8.6 cm in diameter provided with a spiral groove of a 1 .0 fim pitch. The substrate 
is rotated at 30 rpm during the sputtering process. 

io To do this, a vacuum container is evacuated to 1x1 0~ 5 Pa, followed by the sputtering of ZnS containing 20 mol.% 
Si02 in an Ar gas atmosphere of 2x1 0" 1 Pa to form a 240 nm thick first dielectric layer with a refractive index of about 
2.2 on the substrate. Subsequently, an alloy target consisting of Pd, Nb, Ge, Sb, and Te is sputtered to form a 20 nm 
thick recording layer with a composition of Pd 0 . 2 Nb 0 .3Ge 18 ^Sb^Te^ (atomic %). A second dielectric layer of the same 
material as the first dielectric layer is then formed up to a thickness of 1 0 nm, followed by the production of a 60 nm thick 

is light absorbing layer of a Te76TaN 2 4 (mol.%) mixture on the second dielectric layer. 

After removing this optical recording medium out of the vacuum container, the light absorbing layer is spin-coated 
with ultraviolet-curing acrylic resin (Dainippon Ink & Chemicals, Inc., SD-1 01 ), and it is cured by applying ultraviolet light 
to form a 10 fim thick resin layer, followed by the adhesion of this medium to a disk with the same constitution with a 
hot-melt adhesive (Toa Synthetic Chemistry Industrials Co., Ltd., VW30), thus obtaining an optical recording medium of 

20 the present invention. 

While rotating this optical recording medium at 2400 rpm, a semiconductor laser beam with a wave length of 820 
nm converged into an ellipse with its long axis oriented in the radial direction is applied from the substrate side to crys- 
tallize the recording layer for initialization. 

The optical constants of the Te 76 TaN 2 4 mixture used as the light absorbing layer include the refractive index and 
25 the extinction coefficient for a wave length of 680 nm of 5.2 and 3.2. respectively. 

The light absorption of this optical recording medium in the amorphous state and the crystalline state is calculated 
from the optical constant and thickness of each layer at 60% and 64%, respectively, for light with a 680 nm wavelength, 
indicating that the light absorption for the crystalline state is larger than that for the amorphous state. The calculated 
optical reflectance for the crystalline state is 26%, which agrees well with measurements made for the disk to confirm 
30 the validity of calculations. 

While rotating this optical recording medium at a rotation speed of 3600 rpm, data on the track at a radius of 39 mm 
are repeatedly overwritten 100 times with a semiconductor laser beam modulated to a peak power of 7-15 mW and 
bottom power of 3-8 mW at a frequency of 15.3 MHz (pulse width 20 nsec) by using an optical head that is 0.6 in the 
numerical aperture of the objective lens and 680 nm in the wave length of the semiconductor laser beams. Then, while 
35 applying a semiconductor beam with a read power of 1 .2 mW, the C/N ratio is determined under the condition of 30 kHz 
band width. 

Furthermore, while one-beam overwriting is performed by exposing this portion to a 5.73 MHz (pulse width 20 nsec) 
semiconductor laser beam modulated as described above to a peak power of 7-15 mW and a bottom power of 3-8 mW, 
and then the erase ratio for the record marks formed previously with a 5.73 MHz beam is measured. 
40 A C/N ratio of 50 dB or more is obtained at a peak power of 8-1 4 mW, and an erase ratio of 20 dB or more is achieved 
at a bottom power of 3.5-5.5 mW, with the maximum erase ratio obtained being 21 dB. 

In addition, one-beam overwriting is repeated 1 0,000 times under the conditions of a peak power of 1 1 m W, bottom 
power of 4.5 mW, and frequency of 15.3 MHz, followed by the same measuring process. The changes in the erase ratio 
are within 2 dB, showing no significant deterioration. 

45 

Example 32 

An optical recording media similar to the one in Example 31 except that the thickness of the first dielectric layer, 
recording layer, second dielectric layer, and light absorbing layer is 230 nm, 30 nm, 5 nm, and 40 nm, respectively, and 
so that a W49T1C51 mixture is used as the material for the light absorption layer is produced. 

The optical constants of the W49TIC51 mixture used as the light absorbing layer include the refractive index and the 
extinction coefficient for a wave length of 680 nm of 3.8 and 3.8, respectively. 

The light absorption of the optical recording medium in the amorphous state and the crystalline state is calculated 
from the optical constant and thickness of each layer at 63% and 65%. respectively, for light with a 680 nm wavelength. 
55 indicating that the light absorption is nearly the same for the amorphous state and the crystalline state. The calculated 
optical reflectance for the crystalline state is 26%, which agrees well with measurements made for the disk to confirm 
the validity of calculations. 
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The i C/N I ratio and erase ratio ot this optical recording medium is measured in the same as in Example 31 A C/N 
ratio of 50 dB or more is obtained at a peak power of 8-13 mW. and an erase ratio of 20 dB or more is achieved at a 
bottom power of 3.5-5 mW, with the maximum erase ratio obtained being 20.5 dB. 

In addition one-beam overwriting is repeated 1 0.000 times under the conditions of a peak power of 10 mW bottom 

^2„ ,h? 3 k eqU6nCy °L 1 53 MH2> fo,,OWed by * e 59016 measurin 9 P rocess " ^ cha "9^ in the erase ratio 
are within 2 dB. showing no significant deterioration. 

Example 33 

^f 031 rec °T? i "9 niedia Simi,ar '° ,he ° ne in Example 31 except that thickness of the first dielectric layer 

recordmg layer, and light absorbing layer is 230 nm. 40 nm. and 40 nm. respectively, and that a W^SiCs, mixture is' 
used as the matenal for the light absorption layer is produced. 

The optical constants of the Vv^SiC.* mixture used as the light absorbing layer include the refractive index and the 
extinction coeff iaent for a wave length of 680 nm of 5.2 and 2.6. respectively. 

The light absorption of the optical recording medium in the amorphous state and the crystalline state is calculated 
from the optical constant and thickness of each layer at 63% and 63%, respectively, for light with a 680 nm wavelenoth 
.nd.cat.ng that the light absorption is the same for the amorphous state and the crystalline state. The calculated optical 

ofcS^ 

^^J^ 0 6raSe rati ° ° f ** optical recording medium is measured in the same as in Example 31 A C/N 
ratio of 50 dB or more is obtained at a peak power of 7-13 mW. and an erase ratio of 20 dB or more is achieved at a 
bottom power of 3-4 mW, with the maximum erase ratio obtained being 20 5 dB 

ad f '° n ;T e "Sr m 0verwri *' n9 is re P eated 1 °' 000 times under the conditions of a peak power of 10 mW. bottom 

STStnt % 2 eqU6nCy ? 1 5 3 MHZ " foWOWed by *• Same meaSUrin 9 P rocess ^ chan ^ h the erase ratio 

are within 2 dB, showing no significant deterioration. 

Example 34 

A recording layer, dielectric layer, reflecting layer, and light absorbing layer are formed by high-frequency sputtering 
over a po ycarbonate substrate 0.6 mm in thickness. 8.6 cm in diameter provided with a spiral grooveof a 1 0 S 
The substrate is rotated at 30 rpm during the sputtering process. ^ p 

To do this, a vacuum container is evacuated to 1x10-s Pa. followed by the sputtering of ZnS containing 20 mol % 
t^rlT ^ h 9a % atm ° s P here of 2x10-1 to ^m a 240 nm thick first die.ectric .ayer with a refractive index of abort 
«* ? t s ^equently. an alloy target consisting of Pd. Nb. Ge. Sb. and Te is sputtered to form a 20 nm 
™t Z?£'* L W, ,!Lf . COmpos,tion of Pdo.sNbo.aGe.asSb^ (atomic%). A second dielectric layer of the same 
matenal as the irst dielectric layer ,s then formed up to a thickness of 1 0 nm. followed by the production of a 40 nm thick 

or a Ht 0 02Pdo.002Alo.978 alloy is formed. 

After removing this optical recording medium out of the vacuum container, the reflecting layer is spin-coated with 

fo mT n^Th 9 ^^ 10 'I 68 '" { 2 ainiPP ° n ' nk & Chemicals - ,nc - SD - 101 )- «"d it is cured by applying ultraviolet light to 
mlTaHh R £ resin layer followed by the adhesion of this medium to a disk with the same constitution with a hot- 
p^Sem in^emion 9 Chemistr y Industrials Co.. Ltd.. VW30). thus obtaining an optical recording medium of the 

While rotating this optical recording medium at 2400 rpm. a semiconductor laser beam with a wave length of 820 
nm converged into an ellipse with its long axis oriented in the radial direction is applied from the substrate side to crys- 
tallize the recording layer for initialization. y 

the ^ ( S!f a iT Sta ^ 0f Nb * 3A,Ns7 mixture used as HflW Orbing 'aver include the refractive index and 
the extinction coefficient for a wave length of 680 nm of 4.0 and 3.5. respectively 

fm J£ I S! absorpt ; on , ■* °P tical recording medium in the amorphous state and the crystalline state is calculated 

ZT^n^ STk t ^• ,d<n r^ 0, 6aCh ' ayer 31 ^ and 63X1 ^^'V. for light with a 680 nm wavelength, 
indicating that the light absorption for the crystalline state is larger than that for the amorphous state The calculated 

£ ^X 6 of rateulationl CTyStal,ine 8,819 iS 23% - *" hi * a9rees we " witn «neasurements made for the disk to confirm 

=r tt r ^" le ™* aBn 0 this . optical rec ° r ding medium at a rotation speed of 3600 rpm. data on the track at a radius of 39 mm 
are repeatedly overwritten 100 times with a semiconductor laser beam modulated to a peak power of 7-15 mW and 
bottom power of 3-8 mW at a frequency of 15.3 MHz (pulse width 20 nsec) by using an optical head that is 0 6 in the 
numerical aperture of the objective lens and 680 nm in the wave length of the semiconductor laser beams Then while 
ap^ying a semiconductor beam with a read power of 1 .2 mW, the C/N ratio is determined under the condition of 30 kHz 
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Furthermore, while one-beam overwriting is performed by exposing this portion to a 5.73 MHz (pulse width 20 nsec) 
semiconductor laser beam modulated as described above to a peak power of 7-1 5 mW and a bottom power of 3-8 mW, 
and then the erase ratio for the record marks formed previously with a 5.73 MHz beam is measured. 

A C/N ratio of 50 dB or more is obtained at a peak power of 9-1 5 mW, and an erase ratio of 20 dB or more is achieved 
s at a bottom power of 4-5.5 mW, with the maximum erase ratio obtained being 22 dB. 

In addition, one-beam overwriting is repeated 10,000 times under the conditions of a peak power of 12 mW, bottom 
power of 4.5 mW, and frequency of 15.3 MHz, followed by the same measuring process. The changes in the erase ratio 
are within 2 dB, showing no significant deterioration. 

w Example 35 

An optical recording media similar to the one in Example 34 except that the thickness of the first dielectric layer, 
recording layer, second dielectric layer, light absorbing layer, and reflecting layer is 220 nm, 25 nm, 15 nm, 30 nm, and 
70 nm, respectively, and that a NbsrjMoC^ mixture is used as the material for the light absorption layer is produced. 

15 The optical constants of the NbsoMoC^ mixture used as the light absorbing layer include the refractive index and 
the extinction coefficient for a wave length of 680 nm of 3.8 and 4.0, respectively. 

The light absorption of the optical recording medium in the amorphous state and the crystalline state is calculated 
from the optical constant and thickness of each layer at 66% and 66%, respectively, for light with a 680 nm wavelength, 
indicating that the light absorption is the same for the amorphous state and the crystalline state. The calculated optical 

20 reflectance for the crystalline state is 27%, which agrees well with measurements made for the disk to confirm the validity 
of calculations. 

The C/N ratio and erase ratio of this optical recording medium is measured in the same as in Example 34. A C/N 
ratio of 50 dB or more is obtained at a peak power of 7-13 mW, and an erase ratio of 20 dB or more is achieved at a 
bottom power of 3-4.5 mW, with the maximum erase ratio obtained being 22 dB. 
25 In addition, one-beam overwriting is repeated 10,000 times under the conditions of a peak power of 9 mW, bottom 

power of 3.5 mW. and frequency of 15.3 MHz, followed by the same measuring process. The changes in the erase ratio 
are within 2 dB, showing no significant deterioration. 

Example 36 

30 

An optical recording media similar to the one in Example 34 except that the thickness of the first dielectric layer, 
recording layer, second dielectric layer, and reflecting layer is 230 nm, 30 nm, 5 nm, and 30 nm, respectively, and that 
a Mo3sZrN 62 mixture is used as the material for the light absorption layer is produced. 

The optical constants of the Mo38ZrN 62 mixture used as the light absorbing layer include the refractive index and 
35 the extinction coefficient for a wave length of 680 nm of 3.7 and 3.6, respectively. 

The light absorption of the optical recording medium in the amorphous state and the crystalline state is calculated 
from the optical constant and thickness of each layer at 60% and 62%, respectively, for light with a 680 nm wavelength, 
indicating that the light absorption is nearly the same for the amorphous state and the crystalline state. The calculated 
optical reflectance for the crystalline state is 22%, which agrees well with measurements made for the disk to confirm 
<o the validity of calculations. 

The C/N ratio and erase ratio of this optica! recording medium is measured in the same as in Example 34. A C/N 
ratio of 50 dB or more is obtained at a peak power of 9-15 mW, and an erase ratio of 20 dB or more is achieved at a 
bottom power of 4.5-6 mW, with the maximum erase ratio obtained being 20.5 dB. 

In addition, one-beam overwriting is repeated 1 0,000 times under the conditions of a peak power of 1 1 mW, bottom 
45 power of 5 mW, and frequency of 15.3 MHz, followed by the same measuring process. The changes in the erase ratio 
are within 2 dB, showing no significant deterioration. 

Example 37 

50 An optical recording media similar to the one in Example 34 except that the thickness of the first dielectric layer, 

recording layer, second dielectric layer, and reflecting layer is 230 nm, 35 nm. 5 nm, and 30 nm, respectively, and that 
a W 47 ZrC53 mixture is used as the material for the light absorption layer is produced. 

The optical constants of the W 47 ZrCs3 mixture used as the light absorbing layer include the refractive index and the 
extinction coefficient for a wave length of 680 nm of 3.7 and 3.4. respectively. 

55 The light absorption of the optical recording medium in the amorphous state and the crystalline state is calculated 
from the optical constant and thickness of each layer at 63% and 64%, respectively, for light with a 680 nm wavelength, 
indicating that the light absorption is nearly the same for the amorphous state and the crystalline state. The calculated 
optical reflectance for the crystalline state is 23%. which agrees well with measurements made for the disk to confirm 
the validity of calculations. 
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The C/N ratio and erase ratio of this optical recording medium is measured in the same as in Example 34 A C/N 
ratio of 50 dB or more is obtained at a peak power of 8-15 mW. and an erase ratio of 20 dB or more is achieved at a 
bottom power of 4-5.5 mW. with the maximum erase ratio obtained being 21 dB. 

In addition, one-beam overwriting is repeated 10.000 times under the conditions of a peak power of 1 1 mW, bottom 
power of 4.5 mW, and frequency of 15.3 MHz, followed by the same measuring process. The changes in the erase ratio 
are within 2 dB, showing no significant deterioration. 

Example 38 

A recording layer, dielectric layer, light absorbing layer, and reflecting layer are formed by high-frequency sputtering 
over a polycarbonate substrate 0.6 mm in thickness. 8.6 cm in diameter provided with a spiral groove of a 1 0 urn Pitch 
The substrate is rotated at 30 rpm during the sputtering process. 

To do this, a vacuum container is evacuated to 1x1 0'* Pa. followed by the sputtering of ZnS containing 20 mol % 
Si02 in an At gas atmosphere of 2x1 0"1 Pa to form a 210 nm thick first dielectric layer on the substrate. Subsequently 
V! rnai L ^ With 3 com P° sition of a 1 ™* Geo. 18 Sbo 26 Teo.56 is sp*tered with a composite target having small pieces 
of Nb and Pb on it to form a 30 nm thick recording layer witch a composition of Pdo oo 2 Nbo ooaGeo i7 5 Sb 0 2s Teo Sfi A 
second d.electric layer of the same material as the first dielectric layer is then formed up to a thickness of 5 nm followed 
by its sputtenng with a Ti target to produce a 40 nm thick light absorbing layer. Further, a 50 nm thick reflecting layer of 
a Hfoo2Pdo.002Alo.978 all °y 'S formed. 

After removing the disk out of the vacuum container, the reflecting layer is spin-coated with ultraviolet-curing acrylic 
resin (Da.n.ppon Ink & Chemicals, Inc.. SD-101). and it is cured by applying ultraviolet light to form a 10 urn thick resin 
layer, thus obta.ning an optical recording medium of the present invention. It is then adhered to a similar disk produced 
disk S3me ^ With 3 h0t " melt adhesive ( Toa Synthetic Chemistry Industrials Co.. Ltd.. VW30) to form a double-sided 

A semiconductor laser beam with a wave length of 820 nm is applied to this optical recording medium and the whole 
area of the recording layer of the disk is crystallized for initialization. 

The light absorption of the disk in the amorphous state and the crystalline state is calculated from the optical constant 
and thickness of each layer at 63% and 66%. respectively, for light with a 680 nm wavelength, indicating that the light 
absorption for the amorphous state is larger than that for the crystalline state but the difference is not significantly large 
The calculated optical reflectance for the crystalline state is 25%. which agrees well with measurements made for the 
disk to confirm the validity of calculations. While rotating the disk at a rotation speed of 3600 rpm. data on the track at 
a radius of 39 mm are repeatedly overwritten 100 times with a semiconductor laser beam modulated to a peak power 
of 8-1 5 mW and bottom power of 3-8 mW at a frequency of 5.73 MHz (pulse width 20 ns) or 1 5.3 MHz by using an optical 
~ D 8 !? ^ ' S u 6 ** numerical aperture (NA) of the objective lens and 680 nm in the wave length (A.) of the semicon- 
u « beamS (thuS ' X,m = 1 - 1 um >• ^ nen ' "W'e applying a semiconductor beam with a read power of 1 2 mW 
the C/N ratio is determined under the condition of 30 kHz band width. 

Further, the portion used above for the C/N ratio measurement at a frequency of 5.73 MHz is exposed to a semi- 
conductor laser beam modulated to 15.3 MHz (pulse width 20 ns) in the same way as above to perform one-beam 
overwriting, followed by the measurement of the erase ratio from the signals from the previous record marks made at 
40 5.73 MHz. 

Measurements made above show that the C/N ratio for recording at 15.3 MHz (distance between marks is 0 96 am 
which is less than 1 . 1 ) is larger than that at 5.73 MHz (distance between marks is 2.6 am, which is less than 1 1 urn) if 
the recoid.ng power is less than 13 mW whereas the C/N ratio for recoiding at 5.73 MHz is larger than that at 15 3 MHz 
if the recording power is 13 mW or more. Analysis is carried out to compare the amplitudes of signals read at the recoid 
45 power at wh<ch the maximum C/N ratio is obtained within the peak power range used for measurement. Results show 
that the amplitude of read signals from data recorded at 5.73 MHz is about 2.5 times as large as the amplitude of read 
signals from data recorded at 15.3 MHz. Moreover, an erase ratio of 20 dB or more is obtained at a bottom power of 
4.5-6^5 mW. The amplitude of the read signals from the remainder of the record marks that have been erased after being 

31 5 73 MHZ iS ab0Ut 9 timeS as ,arge as the ""PStude °* the read signals from the record marks recorded at 
so 15.3 MHz. 

In addition, one-beam overwriting is repeated 10,000 times under the conditions of a peak power of 12 mW bottom 
power of 6 mW. and frequency of 15.3 MHz. followed by the same measuring process. The changes in the erase ratio 
are within 2 dB, showing no significant deterioration. 

55 Example 39 

Using the same substrate as in Example 38, a dielectric layer and reflecting layer with the same compositions as 
in Example 38 are formed in the same way. The recording layer has a composition of Nbo.oosGeo.^sSbo^Teo.se. The 
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light absorbing layer is formed by sputtering a WSi 2 target. The thickness of the first dielectric layer, recording layer, 
second dielectric layer, light absorbing layer, and reflecting layer is 225 nm, 31 nm, 8 nm, 40 nm, and 30 nrn, respectively. 

The light absorption of this disk in the amorphous state and the crystalline state is calculated from the optical constant 
and thickness of each layer at 64% and 66%, respectively, for light with a 680 nm wavelength, indicating that the light 
5 absorption is nearly the same for the amorphous state and the crystalline state. The calculated optical reflectance for 
the crystalline state is 26%, which agrees well with measurements made for the disk to confirm the validity of calculations. 

Subsequently, the C/N ratio and erasing ratio are measured in the same as in Example 38, and results show that 
the magnitude is reversed between the C/N ratio for recording at 15.3 MHz and that for recording at 5.73 MHz when the 
peak power is 1 1 mW. 

io Analysis is carried out to compare the amplitudes of signals read at the record power at which the maximum C/N 
ratio is obtained within the peak power range used for measurement. Results show that the amplitude of read signals 
from data recorded at 5.73 MHz is about 3.2 times as large as the amplitude of read signals from data recorded at 15.3 
MHz. Moreover, An erase ratio of 20 dB or more is obtained at a bottom power of 4.5-6.5 mW. The amplitude of the read 
signals from the remainder of the record marks that have been erased after being recorded at 5.73 MHz is about 7.1 

is times as large as the amplitude of the read signals from the record marks overwritten at 1 5.3 MHz. 

In addition, one-beam overwriting is repeated 1 0,000 times under the conditions of a peak power of 1 3.0 mW, bottom 
power of 6 mW, and frequency of 15.3 MHz, followed by the same measuring process. The changes in the erase ratio 
are within 2 dB, showing no significant deterioration. 

20 Example 40 

A recording layer, dielectric layer, and reflecting layer are formed by high-frequency sputtering over a polycarbonate 
substrate 0.6 mm in thickness, 8.6 cm in diameter provided with a spiral groove of a 1 .0 n.m pitch. The substrate is rotated 
at 30 rpm during the sputtering process. 

25 To do this, a vacuum container is evacuated to 1 x1 0~ 5 Pa. followed by the sputtering of ZnS containing 20 mol.% 

Si02 in an Ar gas atmosphere of 2x1 0~ 1 Pa to form a 230 nm thick first dielectric layer on the substrate. Subsequently, 
a ternary alloy with a composition of about Geo.i 8 Sbo.26 Te o.5s is sputtered with a composite target having small pieces 
of Nb and Pb on it to form a 35 nm thick recording layer with a composition of Pdo.002Nbo.003Geo.175Sbo26Teo.56- A 
second dielectric layer of the same material as the first dielectric layer is then formed up to a thickness of 5 nm. Further, 

30 a 50 nm thick reflecting layer of a Hf 0.02^0.002^0 97s a"oy is formed. 

After removing the disk out of the vacuum container, the reflecting layer is spin-coated with ultraviolet-curing acrylic 
resin (Dainippoh Ink & Chemicals, Inc., SD-101), and it is cured by applying ultraviolet light to form a 10 \um thick resin 
layer, thus obtaining an optical recording medium of the present invention. It is then adhered to a similar disk produced 
in the same way with a hot-melt adhesive (Toa Synthetic Chemistry Industrials Co., Ltd., VW30) to form a double-sided 

35 disk. 

A semiconductor laser beam with a wave length of 820 nm is applied to this optical recording medium, and the whole 
area of the recording layer of the disk is crystallized for initialization. 

The light absorption of the disk in the amorphous state and the crystalline state is calculated from the optical constant 
and thickness of each layer at 78% and 71%, respectively, for light with a 680 nm wavelength, indicating that the light 
40 absorption for the amorphous state is larger than that for the crystalline state but the difference is not significantly large. 
The calculated optical reflectance for the crystalline state is 25%, which agrees well with measurements made for the 
disk to confirm the validity of calculations. 

While rotating the disk at a rotation speed of 3600 rpm, data on the track at a radius of 39 mm are repeatedly 
overwritten 100 times with a semiconductor laser beam modulated to a peak power of 8-15 mW and bottom power of 
45 3-8 mW at a frequency of 5.73 MHz (pulse width 20 ns) or 1 5.3 MHz by using an optical head that is 0.6 in the numerical 
aperture (NA) of the objective lens and 680 nm in the wave length (X) of the semiconductor laser beams (thus, 
X/NA = 1 . 1 \im ). Then, while applying a semiconductor beam with a read power of 1 .2 mW, the C/N ratio is determined 
under the condition of 30 kHz band width. 

Further, the portion used above for the C/N ratio measurement at a frequency of 5.73 MHz is exposed to a semi- 
50 conductor laser beam modulated to 15.3 MHz (pulse width 20 ns) in the same way as above to perform one-beam 
overwriting, followed by the measurement of the erase ratio from the signals from the previous record marks made at 
5.73 MHz. 

Measurements made above show that the C/N ratio for recording at 1 5.3 MHz (distance between marks is 0.96 pm, 
which is less than 1 . 1 ) is larger than that at 5.73 MHz (distance between marks is 2.6 pm, which is less than 1 . 1 \im) if 
55 the recording power is less than 1 2 mW whereas the C/N ratio for recording at 5.73 MHz is larger than that at 1 5.3 MHz 
if the recording power is 1 2 mW or more. Analysis is carried out to compare the amplitudes of signals read at the record 
power at which the maximum C/N ratio is obtained within the peak power range used for measurement. Results show 
that the amplitude of read signals from data recorded at 5.73 MHz is about 2.5 times as large as the amplitude of read 
signals from data recorded at 1 5.3 MHz. Moreover, an erase ratio of 1 7 dB or more is obtained at a bottom power of 4- 
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6 mW. The amplitude of the read signals from the remainder of the record marks that have been erased after being 
recorded at 5.73 MHz is about 5. 1 times as large as the amplitude of the read signals from the record marks recorded 
at 15.3 MHz. 

In addition, one-beam overwriting is repeated 1 0.000 times under the conditions of a peak power of 12 mW bottom 
power of 6 mW. and frequency of 15.3 MHz. followed by the same measuring process. The changes in the erase ratio 
are within 2 dB. showing no significant deterioration. 

Industrial feasibility 

The present invention can provide optical recording media that have good erasing characteristics and jitter charac- 
teristics and are h.ghly resistant to repeated overwriting, and in particular can provide optical data recording media onto 
or from which data can be recorded, erased, and read by applying light. Thus, the invention can provide phase-chanae 
type rewritable optical recording media suitable for high-density recording. 



is Claims 



1 . An optical recording medium, wherein a recording layer is formed on a substrate to which a light beam is applied 
to record, erase, and read data with said recording and erasing of data being carried out by means of phase changes 
between amorphous and crystalline, and which recording medium comprises a laminate member consisting at least 
of a transparent substrate, first dielectric layer, recording layer, second dielectric layer, light absoibing layer and 
reflecting layer, with the second dielectric layer having a thickness of 1 nm or more and 50 nm or less. 

An optical recording medium as specified in Claim 1 wherein the thickness of the recording layer is 10 nm or more 
and 45 nm or less " ' 



2. 



3. An optical recording medium as specified in Claim 2 wherein the material for the light absorbing layer consists 
virtually of Ti or an alloy made up of Tl as main component. 

4. An optical recording medium as specified in Claim 2 wherein the material for the light absorbing layer consists 
30 vrtually of Nb or an alloy made up of Nb as main component. 

5. An optical recording medium as specified in Claim 2 wherein the material for the light absorbing layer consists 
virtually of W or an alloy made up of Was main component. ' 

6. An optical recording medium as specified in Claim 2 wherein the material for the light absorbing layer consists 
virtually of Mo or an alloy made up of Mo as main component. 

7. An optical recording medium as specified in Claim 1 wherein the thickness of the light absorbing layer is 1 nm or 
more and 100 nm or less. ~ 



8. 



An optical recording medium as specified in Claim 1 wherein the material for the light absorbing layer consists 
virtually of at least one metal selected from the group of Tl. Zr. Hf, Cr. Ta. Mo. Mn. W. Nb, Rh. Ni, Fe Pt Os Co 
Zn, and Pd, or an alloy thereof. ' 



9. An optical recording medium as specified in Claim 1 wherein the material for the light absorbing layer has an optical 
constant whose refractive index is 1 .0 or more and 8.0 or less and whose extinction coefficient is 1 .5 or more and 
6.5 or less. 

10. An optical recording medium as specified in Claim 1 wherein the material for the light absorbing layer in its bulk 
state has a heat conductivity of 10 W/m-K or more and 200 W/m K or less. 

1 1. An optical recording medium as specified in Claim 1 wherein the material for the light absoibing layer consists of a 
metallic material made up of two or more metals with W or Mo being contained as essential component. 

1 2. An optical recording medium as specified in Claim 1 wherein the material for the light absorbing layer contains either 
W or Mo. plus at least one metal selected from the group of Re. Os. Nb. Ti. Te. Cr. Zr. Y. Hf. Ta. V. Sc Mn Ru Fe 
Co. Rh, Ir, Ni, Pd, Pt, and Au. ' 
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13. An optical recording medium as specified in Claim 1 wherein the material for the light absorbing layer contains at 
least one selected from the group of high melting-point carbides, oxides, borides, and nitrides, with at least one 
selected from the group Ti, Nb, Mo, W, and Te being contained as essential component 

5 14. An optical recording medium as specified in Claim 1 wherein the material for the light absorbing layer consists of a 
mixture or alloy of W and Si or a mixture or alloy of Mo and Si. 

1 5. An optical recording medium, wherein a recording layer is formed on a substrate to which a light beam is applied 
to record, erase, and read data with said recording and erasing of data being carried out by means of phase changes 

w between amorphous and crystalline, and which recording medium comprises a laminate member consisting of a 
transparent substrate, first dielectric layer, recording layer, second dielectric layer, and light absorbing layer, with 
the second dielectric layer having a thickness of 1 nm or more and less than 30 nm. 

1 6. An optical recording medium as specified in Claim 1 5 wherein the thickness of the recording layer is 1 0 nm or more 
is and 45 nm or less. 

17. An optical recording medium as specified in Claim 16 wherein the material for the light absorbing layer consists 
virtually of Ti or an alloy made up of Ti as main component. 

20 18. An optical recording medium as specified in Claim 16 wherein the material for the light absorbing layer consists 
virtually of Nb or an alloy made up of Nb as main component. 

19. An optical recording medium as specified in Claim 16 wherein the material for the light absorbing layer consists 
virtually of W or an alloy made up of W as main component. 

25 

20. An optical recording medium as specified in Claim 16 wherein the material for the light absorbing layer consists 
virtually of Mo or an alloy made up of Mo as main component. 

21 . An optical recording medium as specified in Claim 1 5 wherein the thickness of the light absorbing layer is 25 nm or 
30 more and 200 nm or less. 

22. An optical recording medium as specified in Claim 15 wherein the material for the light absorbing layer consists 
virtually of at least one metal selected from the group of Ti, Zr, Hf, Cr, Ta, Mo, Mn, W, Nb, Rh, Ni, Fe, Pt, Os, Co, 
Zn, and Pd, or an alloy thereof. 

35 

23. An optical recording medium as specified in Claim 1 5 wherein the material for the light absorbing layer has an optical 
constant whose refractive index is 1 .0 or more and 8.0 or less and whose extinction coefficient is 1 .5 or more and 
6.5 or less. 

40 24. An optical recording medium as specified in Claim 15 wherein the material for the light absorbing layer in its bulk 
state has a heat conductivity of 10 W/nvK or more and 200 W/nrK or less. 

25. An optical recording medium as specified in Claim 15 wherein the material for the light absorbing layer consists of 
a metallic material made up of two or more metals with W or Mo being contained as essential component. 

45 

26. An optical recording medium as specified in Claim 1 5 wherein the material for the light absorbing layer contains 
either W or Mo. plus at least one metal selected from the group of Re, Os, Nb, Ti, Te, Cr, Zr, Y. Hf t Ta, V, Sc, Mn, 
Ru, Fe, Co, Rh, Ir, Ni, Pd, Pt, and Au. 

so 27. An optical recording medium as specified in Claim 1 5 wherein the material for the light absorbing layer contains at 
least one selected from the group of high melting-point carbides, oxides, borides, and nitrides, with at least one 
selected from the group Ti. Nb, Mo. W. and Te being contained as essential component 

28. An optical recording medium as specified in Claim 1 5 wherein the material for the light absorbing layer consists of 
55 a mixture or alloy of W and Si or a mixture or alloy of Mo and Si. 

29. An optical recording medium, wherein a recording layer is formed on a substrate to which a light beam is applied 
to record, erase, and read data with said recording and erasing of data being carried out by means of phase changes 
between amorphous and crystalline; the amplitude of the read signal from a record mark that is more than X/NA 
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apart from both the preced.ng one and the following one in the recording direction along the track being equal to or 
less than five times the amplitude of the read signal from a record mark that does not meet the above-mentioned 
record mark spacing conditions, with X and NA denoting the wave length of the light used and the numerical aperture 
of the objective lens of the optical head, respectively. 

An optical recording medium as specified in Claim 29, wherein a recording layer is formed on a substrate to which 
a light beam ,s applied to record, erase, and read data with said recording and erasing of data being earned out by 
means of phase changes between amorphous and crystalline, and which recording medium comprises a laminate 
member consisting at least of a transparent substrate, first dielectric layer, recording layer, second dielectric layer 
hght absorbing layer, and reflecting layer, with the second dielectric layer having a thickness of 1 nm or more and 
50 nmor less. 

31. An optical recording medium as specified in Claim 30 wherein the thickness of the recording layer is 10 nm or more 
and 45 nm or less. 

32. An optical recording medium as specified in Claim 30 wherein the thickness of the light absorbing layer is 1 nm or 
more and 100 nmor less. onmiw 

33. An optical recording medium as specified in Claim 29. wherein a recording layer is formed on a substrate to which 
a light beam is applied to record, erase, and read data with said recording and erasing of data being earned out by 
means of phase changes between amorphous and crystalline, and which recording medium comprises a laminate 
member consisting of a transparent substrate, first dielectric layer, recoiding layer, second dielectric layer, and light 
absorbing layer, with the second dielectric layer having a thickness of 1 nm or more and less than 30 nm. 

25 34. An optical recording medium as specified in Claim 33 wherein the thickness of the recording layer is 10 nm or more 
and 45 nm or less. 

35. An optical recording medium as specified in either Claim 31 or Claim 34 wherein the material for the light absoibing 
layer consists virtually of Ti or an alloy made up of Ti as main component. 

36. An optical recording medium as specified in either Claim 31 or Claim 34 wherein the material for the light absoibing 
layer consists virtually of Nb or an alloy made up of Nb as main component. 

37. An optical recording medium as specified in either Claim 31 or Claim 34 wherein the material for the light absoibing 
layer consists virtually of W or an alloy made up of W as main component. 

3a An optical recording medium as specified in either Claim 31 or Claim 34 wherein the material for the light absoibing 
layer consists virtually of Mo or an alloy made up of Mo as main component. 

to 39. An optical recording medium as specified in Claim 33 wherein the thickness of the light absorbing layer is 25 nm or 
more and 200 nm or less. 

40. An optical recording medium as specified in either Claim 30 or Claim 33 wherein the material for the light absoibing 
teyer consists virtually of at least one metal selected from the group of Ti. Zr. Hf. Cr. Ta. Mo, Mn. W. Nb. Rh, Ni. Fe 

45 Pt, Os, Co, Zn. and Pd, or an alloy thereof. 

41. An optical recording medium as specified in either Claim 30 or Claim 33 wherein the material for the light absoibing 
layer has an optical constant whose refractive index is 1 .0 or more and 8.0 or less and whose extinction coefficient 
is 1 .5 or more and 6.5 or less. 



so 
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42. An optical recording medium as specified in either Claim 30 or Claim 33 wherein the material for the light absoibing 
layer in its bulk state has a heat conductivity of 1 0 W/m K or more and 200 W/nrK or less. 

43. An optical recording medium as specified in either Claim 30 or Claim 33 wherein the material for the light absoibing 
layer consists of a metallic material made up of two or more metals with W or Mo being contained as essential 
component. 
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44. An optical recording medium as specified in either Claim 30 or Claim 33 wherein the material for the light absorbing 
layer contains either W or Mo, plus at least one metal selected from the group of Re, Os, Nb, Ti, Te, Cr, Zr, Y, Hf, 
Ta, V, Sc, Mn, Ru, Fe, Co, Rh, Ir, Ni, Pd, Pt, and Au. 

5 45. An optical recording medium as specified in either Claim 30 or Claim 33 wherein the material for the light absorbing 
layer contains at least one selected from the group of high melting-point carbides, oxides, borides, and nitrides, with 
at least one selected from the group Ti, Nb, Mo, W, and Te being contained as essential component 

46. An optical recording medium as specified in either Claim 30 or Claim 33 wherein the material for the light absorbing 
io layer consists of a mixture or alloy of W and Si or a mixture or alloy of Mo and Si. 

47. An optical recording medium, wherein a recording layer is formed on a substrate to which a light beam is applied 
to record, erase, and read data with said recording and erasing of data being carried out by means of phase changes 
between amorphous and crystalline; the carrier to noise ratio of the read signal from a record mark that Is more 

15 than A/NA apart from both the preceding one and the following one in the recording direction along the track being 
less than the carrier to noise ratio of the read signal from a record mark that does not meet the above-mentioned 
record mark spacing conditions, with X and NA denoting the wave length of the light used and the numerical aperture 
of the objective lens of the optical head, respectively. 

20 48. An optical recording medium as specified in Claim 47, wherein a recording layer is formed on a substrate to which 
a light beam is applied to record, erase, and read data with said recording and erasing of data being carried out by 
means of phase changes between amorphous and crystalline, and which recording medium comprises a laminate 
member consisting at least of a transparent substrate, first dielectric layer, recording layer, second dielectric layer, 
light absorbing layer, and reflecting layer, with the second dielectric layer having a thickness of 1 nm or more and 

25 50 nm or less. 

49. An optical recording medium as specified in Claim 48 wherein the thickness of the recording layer is 10 nm or more 
and 45 nm or less. 

30 50. An optical recording medium as specified in Claim 48 wherein the thickness of the light absorbing layer is 1 nm or 
more and 100 nm or less. 

51. An optical recording medium as specified in Claim 47, wherein a recording layer is formed on a substrate to which 
a light beam is applied to record, erase, and read data with said recording and erasing of data being carried out by 

35 means of phase changes between amorphous and crystalline, and which recording medium comprises a laminate 
member consisting of a transparent substrate, first dielectric layer, recording layer, second dielectric layer, and light 
absorbing layer, with the second dielectric layer having a thickness of 1 nm or more and less than 30 nm. 

52. An optical recording medium as specified in Claim 51 wherein the thickness of the recording layer is 1 0 nm or more 
40 and 45 nm or less. 

53. An optical recording medium as specified in either Claim 49 or Claim 52 wherein the material for the light absorbing 
layer consists virtually of Ti or an alloy made up of Ti as main component. 

45 54. An optical recording medium as specified in either Claim 49 or Claim 52 wherein the material for the light absorbing 
layer consists virtually of Nb or an alloy made up of Nb as main component. 

55. An optical recording medium as specified in either Claim 49 or Claim 52 wherein the material for the light absorbing 
layer consists virtually of W or an alloy made up of W as main component. 

50 

56. An optical recording medium as specified in either Claim 49 or Claim 52 wherein the material for the light absorbing 
layer consists virtually of Mo or an alloy made up of Mo as main component. 

57. An optical recording medium as specified in Claim 51 wherein the thickness of the light absorbing layer is 25 nm or 
55 more and 200 nm or less. 

58. An optical recording medium as specified in either Claim 51 wherein the material for the light absorbing layer consists 
virtually of at least one metal selected from the group of Ti, Zr, Hf, Cr, Ta, Mo, Mn, W, Nb, Rh, Ni, Fe, Pt, Os, Co, 
Zn, and Pd. or an alloy thereof. 
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59. An optical recording medium as specified in either Claim 48 or Claim 51 wherein the material for the light absorbing 
layer has an optical constant whose refractive index is 1 .0 or more and 8.0 or less and whose extinction coefficient 
is i .5 or more and 6.5 or less. 

5 60. An optical recording medium as specified in either Claim 48 or Claim 51 wherein the material for the light absorbing 
layer in its bulk state has a heat conductivity of 1 0 W/mK or more and 200 W/nrK or less. 

61. An optical recording medium as specified in either Claim 48 or Claim 51 wherein the material for the light absorbing 
layer consists of a metallic material made up of two or more metals with W or Mo being contained as essential 

io component. 

62. An optical recording medium as specified in either Claim 48 or Claim 51 wherein the material for the light absorbina 
layer contains either W or Mo, plus at least one metal selected from the group of Re Os Nb 71 Te Cr Zr Y Hf 
Ta, V. Sc. Mn, Ru, Fe. Co. Rh, Ir, Ni. Pd, Pt. and Au. ~ 

Z5 

63. An optical recording medium as specified in either Claim 48 or Claim 51 wherein the material for the light absorbina 
layer contains at least one selected from the group of high melting-point carbides, oxides, borides. and nitrides with 
at least one selected from the group J". Nb. Mo. W, and Te being contained as essential component. 

64. An optical recording medium as specified in either Claim 48 or Claim 51 wherein the material for the light absorbing 
layer consists of a mixture or alloy of W and Si or a mixture or alloy of Mo and Si. 

65. An optical recording medium wherein, when a record mark that is more than X/NA apart from both the preceding 
one and the following one in the recording direction along the track is overwritten by a record mark that does not 
meet the above-mentioned record mark spacing conditions, the amplitude of the read signal from the latter over- 
writing record mark is equal to or larger than five times the amplitude of the read signal from the remainder of the 
former record mark that has been erased by the overwriting process. 

66. An optical recording medium as specified in Claim 65. wherein a recording layer is formed on a substrate to which 
a light beam is applied to record, erase, and read data with said recording and erasing of data being carried out by 
means of phase changes between amorphous and crystalline, and which recoiding medium comprises a laminate 
m !"*f coasting at least of a transparent substrate, first dielectric layer, recording layer, second dielectric layer 
hght absorbing layer, and reflecting layer, with the second dielectric layer having a thickness of 1 nm or more and 
50 nm or less. 

67. An optical recording medium as specified in Claim 66 wherein the thickness of the recording layer is 10 nm or more 
and 45 nm or less. 

68. An optical recording medium as specified in Claim 66 wherein the thickness of the light absorbing layer is 1 nm or 
40 more and 100 nm or less. 

69. An optical recording medium as specified in Claim 65. wherein a recording layer is formed on a substrate to which 
a light beam is applied to record, erase, and read data with said recording and erasing of data being carried out by 
means of phase changes between amorphous and crystalline, and which recording medium comprises a laminate 
member consisting of a transparent substrate, first dielectric layer, recording layer, second dielectric layer, and light 
absorbing layer, with the second dielectric layer having a thickness of 1 nm or more and less than 30 nm. 

70. An optical recording medium as specified in Claim 69 wherein the thickness of the recording layer is 10 nm or more 
v and 45 nm or less. 
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71. An optical recording medium as specified in either Claim 67 or Claim 70 wherein the material for the light absorbing 
layer consists virtually of Ti or an alloy made up of Ti as main component. 

72. An optical recording medium as specified in either Claim 67 or Claim 70 wherein the material for the light absorbing 
layer consists virtually of Nb or an alloy made up of Nb as main component. 

73. An optical recording medium as specified in either Claim 67 or Claim 70 wherein the material for the light absorbing 
layer consists virtually of W or an alloy made up of W as main component. 
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74. An optical recording medium as specified in either Claim 67 or Claim 70 wherein the material for the light absorbing 
layer consists virtually of Mo or an alloy made up of Mo as main component. 

75. An optical recording medium as specified in Claim 69 wherein the thickness of the light absorbing layer is 25 nm or 
more and 200 nm or less. 

76. An optical recording medium as specified in either Claim 66 or Claim 69 wherein the material for the light absorbing 
layer consists virtually of at least one metal selected from the group of Ti, Zr, Hf, Cr, Ta, Mo, Mn, W, Nb, Rh, Ni, Fe, 
Pt, Os, Co, Zn, and Pd, or an alloy thereof. 

77. An optical recording medium as specified in either Claim 66 or Claim 69 wherein the material for the light absorbing 
layer has an optical constant whose refractive index is 1 .0 or more and 8.0 or less and whose extinction coefficient 
is 1 .5 or more and 6.5 or less. 

78. An optical recording medium as specified in either Claim 66 or Claim 69 wherein the material for the light absorbing 
layer in its bulk state has a heat conductivity of 10 W/nxK or more and 200 W/nrK or less. 

79. An optical recording medium as specified in either Claim 66 or Claim 69 wherein the material for the light absorbing 
layer consists of a metallic material made up of two or more metals with W or Mo being contained as essential 
component. 

80. An optical recording medium as specified in either Claim 66 or Claim 69 wherein the material for the light absorbing 
layer contains either W or Mo, plus at least one metal selected from the group ol Re, Os, Nb, Ti, Te, Cr, Zr, Y, Hf, 
Ta. V. Sc, Mn, Ru, Fe, Co, Rh, lr, Ni, Pd, Pt, and Au. 

81 . An optical recording medium as specified in either Claim 66 or Claim 69 wherein the material for the light absorbing 
layer contains at least one selected from the group of high melting-point carbides, oxides, borides. and nitrides, with 
at least one selected from the group Ti, Nb, Mo, W. and Te being contained as essential component 

82. An optical recording medium as specified in either Claim 66 or Claim 69 wherein the material for the light absorbing 
layer consists of a mixture or alloy of W and Si or a mixture or alloy of Mo and Si. 

83. An optical recording medium, wherein a recording layer is formed on a substrate to which a light beam is applied 
to record, erase, and read data with said recording and erasing of data being carried out by means of phase changes 
between amorphous and crystalline; the recorded area of a record mark that is more than >7NA apart from both the 
preceding one and the following one in the recording direction along the track being less than the recorded area of 
a record mark that does not meet the above-mentioned record mark spacing conditions, with X and NA denoting 
the wave length of the light used and the numerical aperture of the objective lens of the optical head, respectively. 

84. An optical recording medium as specified in Claim 83, wherein a recording layer is formed on a substrate to which 
a light beam is applied to record, erase, and read data with said recording and erasing of data being carried out by 
means of phase changes between amorphous and crystalline, and which recording medium comprises a laminate 
member consisting at least of a transparent substrate, first dielectric layer, recording layer, second dielectric layer, 
light absorbing layer, and reflecting layer, with the second dielectric layer having a thickness of 1 nm or more and 
50 nm or less. 

85. An optical recording medium as specified in Claim 84 wherein the thickness of the recording layer is 1 0 nm or more 
and 45 nm or less. 

*- 

86. An optical recording medium as specified in Claim 84 wherein the thickness of the light absorbing layer is 1 nm or 
more and 100 nm or less. 

87. An optical recording medium as specified in Claim 83, wherein a recording layer is formed on a substrate to which 
a light beam is applied to record, erase, and read data with said recording and erasing of data being carried out by 
means of phase changes between amorphous and crystalline, and which recording medium comprises a laminate 
member consisting of a transparent substrate, first dielectric layer, recording layer, second dielectric layer, and light 
absorbing layer, with the second dielectric layer having a thickness of 1 nm or more and less than 30 nm. 
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88. An optical recording medium as specified in Claim 87 wherein the thickness of the recoiding layer is 10 nm or more 
and 45 nm or less. 

89. An optical recording medium as specified in either claim 85 or Claim 88 wherein the material for the light absorbing 
layer consists virtually of Ti or an alloy made up of Ti as main component. 

90. An optical recording medium as specified in either Claim 85 or Claim 88 wherein the material for the light absoibing 
layer consists virtually of Nb or an alloy made up of Nb as main component. 

91. An optical recording medium as specified in either Claim 85 or Claim 88 wherein the material for the light absorbina 
layer consists virtually of W or an alloy made up of W as main component. 

92. An optical recording medium as specified in either Claim 85 or Claim 88 wherein the material for the light absorbinq 
layer consists virtually of Mo or an alloy made up of Mo as main component 

93. An optical recording medium as specified in Claim 87 wherein the thickness of the light absorbing layer is 25 nm or 
more and 200 nm or less. 

94. An optical recording medium as specified in either Claim 84 or Claim 87 wherein the material for the light absoibing 

layer consists virtually of at least one metal selected from the group of Ti.Zr.Hf.Cr.Ta Mo Mn W Nb Rh Ni Fe 
R.Os, Co, Zn, and Pd, or an alloy thereof. 



95. An optical recording medium as specified in either Claim 84 or Claim 87 wherein the material for the light absorbing 
layer has an optical constant whose refractive index is 1 .0 or more and 8.0 or less and whose extinction coefficient 

25 is 1 .5 or more and 6.5 or less. 

96. An optical recording medium as specified in either Claim 84 or Claim 87 wherein the material for the light absoibing 
layer in its bulk state has a heat conductivity of 1 0 W/nrK or more and 200 W/itvK or less. 

30 97. An optical recording medium as specified in either Claim 84 or Claim 87 wherein the material for the light absorbing 
layer consists of a metallic material made up of two or more metals with W or Mo being contained as essential 
component. 
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98. An optical recording medium as specified in either Claim 84 or Claim 87 wherein the material for the light absorbing 
layer contains either W or Mo, plus at least one metal selected from the group of Re, Os Nb Ti Te Cr Zr Y Hf 
Ta, V, Sc. Mn, Ru, Fe, Co, Rh. Ir, Ni, Pd, Pt, and Au. ~ 

99. An optical recording medium as specified in either Claim 84 or Claim 87 wherein the material for the light absorbing 
layer contains at least one selected from the group of high melting-point carbides, oxides, borides, and nitrides with 
at least one selected from the group Ti. Nb, Mo. W, and Te being contained as essential component. 

1 00. An optical recording medium as specified in either Claim 84 or Claim 87 wherein the material for the light absorbing 
layer consists of a mixture or alloy of W and Si or a mixture or alloy of Mo and Si. 

45 1 01 .An optical recording medium, wherein a recording layer is formed on a substrate to which a light beam is applied 
to record, erase, and read data with said recording and erasing of data being carried out by means of phase changes 
between amorphous and crystalline, and which recording medium comprises at least a dielectric layer and a reflect- 
ing layer, in addition to the recording layer; the thickness of the recoiding layer being 30 nm or more and 60 nm or 
less; and a d.electnc layer existing between the recording layer and the reflecting layer with a thickness of 1 nm or 

so more and 25 nm or less. 
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